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Response  to  Comments 


The  Response  to  Comments  is  divided  into  two  sections;  the  Draft  Final  Response  to 
Comments  and  the  Draft  Response  to  Comments. 

The  Draft  Final  Response  to  Comments  (pages  RC-1  through  RC-3)  includes  responses 
to  comments  generated  by  the  Draft  report  that  were  not  complete  or  that  were  still 
undecided  at  the  time  the  Draft  Fmal  report  was  prepared. 

The  Draft  Response  to  Comments  (pages  RC-5  through  RC-39)  includes  responses  to 
comments  that  were  complete  and  included  in  the  Draft  Final  report. 

Attachments  RC-1.  RC-2,  and  RC-3  follow  the  Draft  Final  Response  to  Comments. 
Attachment  RC-1  includes  the  Time  versus  Concentration  plots.  Attachment  RC-2 
includes  the  vertical  gradients,  and  Attachment  RC-3  includes  letters  stating  the 
comments  have  been  adequately  addressed. 
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RESPONSE  TO  COMMENTS 


CmSHILL 


SUBJECT:  Draft  Final  Remedial  Investigation/ 

Feasibility  Study 

Davis  Global  Communications  Site 
McClellan  Air  Force  Base 

PROJECT:  SWE28722.55.19 

DATE:  February  23,  1994 

Mark  Malinowski 
Department  of  Substances  Control 

Volume  I  of  III 
General  Comments 

1.  The  report  is  well  written  and  organu»d.  The  groundwater  mass  and  volumes 
should  be  updated  to  include  the  most  recent  groundwater  sampling  data. 

Response: 

The  April  and  July  1993  groundwater  sampling  data  have  been  included  in 
Appendix  U  as  Tables  U-4  and  U-5,  respectively. 

4.  The  monitor  well  Concentration  versus  Time  plots  should  use  a  log  scale  along 
the  concentration  axis.  The  log  scale  provides  better  resolution  at  low  concen* 
trations. 

Response: 

The  monitoring  well  Concentration  versus  Time  plots  provided  in  Volume  I  of 
the  RI/FS  report  were  not  changed;  however,  log  plots  of  Concentration  versus 
Time  for  all  wells  are  included  in  Attachment  RC*!  to  this  Response  to 
Comments. 

Volume  II  of  Ill 

Specific  Comments 

6.  Page  £•!.  Provide  concentration  plots  for  all  wells.  Use  the  same  scale  (log) 
for  all  the  wells.  Provide  tables,  like  J<1,  for  all  the  sampling  episodes.  Include 
groundwater  elevations  and  detection  limits. 
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RC-1 


Response: 


Concentration  versus  Time  plots  using  a  log  scale  for  concentration  are  provided 
in  Attachment  RC-1  to  this  Response  to  Comments.  A  table  was  not  created 
for  each  sampling  episode;  however,  this  information  is  available  in  Appendix  U. 


Mark  D.  Vest,  R.G. 

Associate  Engineering  Geologist 
Base  Closure  Branch 
Department  of  I'oxic  Substances  Control 

General  Comments 

3.  Tabular  summaries  of  analytical  data  should  be  provided  to  support  the  illus* 
trated  distribution  of  contamination. 

Response: 

Concentration  versus  Time  plots  using  a  log  scale  for  concentration  are  provided 
in  Attachment  RC-1  to  this  Rcspionsc  to  Comments.  A  :ablc  was  not  created 
for  each  sampling  episode;  however,  this  information  is  available  in  Appendix  U. 

Chapter  2,  Field  Investigation  Activities 

13.  Page  2-8,  Table  2>2,  Well  Construction  Data. 

Recommendations: 

a.  An  amended  version  of  the  table  should  be  provided  as  part  of  Appendix 
S,  Well  Construction  Data.  In  addition  to  the  information  provided  on 
Table  2*2,  the  amended  table  should  include  weli  location,  borehole  dia« 
meter,  total  depth,  drilling  method,  filter  pack  size  gradation  and  inter* 
val,  and  surface  completion  type. 

b.  iVfWD*2  should  be  listed  with  the  C  Aquifer  weHs.  A  fotil  note  should  be 
provided  to  explain  the  MWD  label.  AitcnMttivHy,  MWD-2  could  be 
renamed  MWC-2  with  a  foot  note  reminding  readers  of  the  former  label. 
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Response: 

a.  The  amended  table  is  included  as  an  addendum  to  Appendix  S  in  the 
Draft  Final  report  and  will  be  included  at  the  beginning  of  Appendix  S  in 
the  Final  report. 

b.  MWD-2  is  included  in  the  list  of  C  Aquifer  wells  in  Table  2-2  and  S-1 
with  the  following  note: 

MWD-2  is  screened  within  the  C  Aquifer.  In  future  CH2M  HILL 
documents,  this  v/ell  will  be  referred  to  as  MWC-2. 

18.  Pages  3*10  to  3*15  provide  an  effective  discussion  and  presentation  of  ground 
water  elevations,  gradients  and  fluctuations  that  occurred  between  July  1992 
and  July  1993. 

Recommendations: 

a.  The  discussion  and  graphics  should  be  amended  to  evaluate  available 
historic  elevation  and  gradient  data  for  consistency  with  the  trends 
clearly  identified  in  the  Report. 

b.  In  addition  to  the  \fW3  well  cluster,  vertical  gradients  should  be  caicu* 
lated  for  well  clusters  across  the  site. 

/ 

Response: 

Vertical  gradients  for  well  clusters  are  included  in  Attachment  2  to  this 
Response  to  Comments.  The  following  text  was  added  to  Chapter  3  to  address 
horizontal  gradients: 

"The  horizontal  gradients  measured  in  the  B,  C,  and  D  aquifers  between 
July  1992  and  July  1993  arc  generally  consistent  with  those  measured 
during  1990  and  1991.  Groundwater  flow  directions  within  each  aquifer 
varied  according  to  the  season.  During  1991,  groundwater  levels  ‘vithin 
the  B  and  C  aquifers  were  nearly  the  same.  Groundwater  flowed  to  the 
west-southwest  during  the  winter  and  to  the  south  during  the  spring  and 
summer.  D  aquifer  groundwater  flowed  to  the  west  during  the  winter 
and  to  the  east-southea.st  during  the  summer." 
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JTAlt  Of  CAtffQUMA— tNVtUONMfeNtAl  WOrtCTlOW  AO€HCr 


)‘ETE  WiiaON,  Oati 


OePARTMENT  OP  TOXIC  SUBSTANCES  CONTROt 

MOON  1 

)OI4t  OWYOON  WAY.  SUltl  S 
SACKAMCNTO,  CA  «aM7.ttOA 


(91«)  355-3549 


February  14,  1994 


V, 


Kc.  Doris  Baj]&a 
aa-KUQ/TKR 

SOSO  Dudlay  Boulevard «  suite  3 

MoCleilaA  Air  force  Base,  California  95553-1389 

APPROVAL  OP  TH£  DRAPT  FINAL  REMEDIAL  IMVSSTXGASlON/PEASZBZLZTy 
STUDY  (RI/PS)  REPORT  FOR  THE  DAVIS  GLOBAL  COMMUMZCATZONS  SITE 

Dear  Ms.  Bajka: 

The  Departaent  of  Toxic  suhstances  Control  and  the 
California  Regional  Hater  Quality  Control  Boards  Central  Valley 
Region  (Agencies)  have  reviewed  the  response  to  the  Agencies' 
conaents  on  the  Draft  Ri/FS  report,  which  were  contained  in  the 
Draft  Final  RI/FS  Report,  dated  January  7,  1994. 

The  responsea  adequately  address  the  Aganciae'  coaaents  and 
we  approve  the  RI/FS  report. 

If  you  have  any  questions  or  eoaments  regarding  this  aatter, 
please  contact  Mr.  Mark  Malinowski  at  (916)  255-3717. 


Slxtoeraly, 


Erio  Hon'g,)P.s. 

Chief 

Federal '‘Feci  1  it iee  Unit 
Office  of  Military  Facilities 


cot  Mr.  Alex  MacDonald 

Ragional  water  Quality  Control  Board 
Central  valley  Region 
3443  Routier  Road,  Suite  A 
Bacraaento,  California  95837-3098 


Mr.  Toa  To 

oireotor  of  snvironaental  Health 
Yolo  County  Environaental  Health  Services 
10  Cottonwood  street 
Woodland,  California  95695 


/tAlh 

r  «=*'»«•  1  .  - 

AT/"' ^7 ^7 

irr-iir7 

PETE  WILSON,  aovarnor 


CTATE  op  CALIFORNIA  -  Env<fonfn«oi»i  Proiaetion  Aqaootf  _ 

CAUFORNIA  REGIONAL  WATER  QUAUTY  CONTROL  BOARD 
CENTRAL  VALLEY  REGION 

D445  noutlOT  RoM.  SiHt*  A 
SacramanM.  CA  9Sfl27*303S 
RHONE:  (9161  259-3000 
FAX:  (91 «)  3S6-3016 


3  February  1994 


Mr.  Mark  Maliiiowskl 

Department  of  Toxic  Substances  G}ncrol 

Region  1 

10151  Croydon  Way,  Suite  3 
Sacramento,  CA  95827-2106 

DRAFT  FINAL  REMEDIAL  INVESTIGATION/FEASIBIUTY  SJVDY  REPORT,  DAVIS 
GLOBAL  COMMUNICATIONS  SITE,  MC  CLELLAN  AIR  FORCE  BASE 

Regional  Board  staff  have  reviewed  the  subject  report  and  have  detennined  t^t  our  comments  on 
the  draft  version  of  the  report  have  been  adequately  addressed.  We  presenteii  some  additional  minor 
comments  at  the  Interim  Remedial  Investigation  scoping  meeting  bdd  on  1  February  1994,  We  are 
not  concerned  whether  or  not  the  comments  are  incorporated  into  the  final  version  of  the  report  as 
incorporation  would  not  change  the  findings  of  the  report,  only  makB  it  somewhat  more  accmate.  -  ' 
Thus,  we  have  no  more  formal  oommeots. 

If  you  have  any  questions  regarding  this  matter,  please  call  me  at  (916)  25S-3025. 


ALEXANDER  MACDONALD 
Project  Engineer 


AMM 


cc: 


Ms.  Doris  Bajka,  Environmental  Management.  McClellan  Air  Force  Base 


RESPONSE  TO  COMMENTS 


CHMHILL 


SUBJECT:  Draft  Remedial  Investigation/ 
Feasibility  Study 

Davis  Global  Communications  Site 
McClellan  Air  Force  Base 

PROJECT:  SWE28722.55.19 

DATE:  January  10,  1994 


Comments  on  the  November  1,  1993,  Draft  Remedial  Investigation/Feasibility  Study 
Report  for  the  Davis  Global  Communications  Site  were  received  from  the  following 
reviewers: 

•  Martin  Keck,  Environmental  Counsel,  SM-ALC/JAV 

•  Alexander  MacDonald,  Project  Engineer,  California  Regiom.l  Water 
Quality  Control  Board 

•  Mark  Malinowski,  Associate  Engineering  Geologist,  Site  Mitigation 
Branch,  Department  of  Toxic  Substances  Control 

•  Mark  D.  Vest,  R.G.,  Associate  Engineering  Geologist,  Base  Closure 
Branch,  Department  of  Toxic  Substances  Control 

These  reviewers’  comments  are  presented  in  this  section  along  with  responses  io  the 
comments.  Where  necessary,  modifications  to  the  report  have  been  made.  Copies  of 
the  original  comments  received  follow  this  Response  to  Comments  section. 


Martin  Keck 


2.  My  principal  concern  with  this  exhaustive  and  welRwritten  report  is  that  it  fails 
to  reflect  the  unique  position  of  the  Air  Force  as  the  le^  agency  in  our 
cleanup.  I  believe  the  authors  have  used  a  plug*in  approach  for  many  of  these 
chapters,  utilizing  discussions  flom  other,  previously  written  products.  This  is 
not  inappropriate,  and  I  have  no  objection  to  it  It  is  apparent,  however,  that 
EPA  was  usually  the  lead  agency  for  these  earlier  eflbrts,  and  th«  discussions 
when  applied  to  our  cleanup  need  to  be  fine-tuned.  I  will  illustrate  several 
examples. 
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a.  Volume  I,  Executive  Summaiy,  p  viii,  2d  full  paragrapb:  The  remedial 
action  will  be  selected  by  McClellan,  and  must  meet  approval  b>  EPA, 
DISC,  and  RWQCB. 

Response; 

The  text  has  been  revised  as  follows: 

‘The  remedial  action  will  be  selected  by  McClellan  AFB  and  must  meet 
approval  by  Cal/EPA." 

b.  Volume  II,  Appendix  G,  p  G-l,  1st  full  pani^pb  under  "Description  of 
ARARS":  Final  determination  of  ARARS  is  made  by  AF,  not  EPA. 

Response:. 

This  paragraph  has  been  changed  to  reflect  that  the  final  determination  of 
ARARs  will  be  made  by  the  California  Environmental  Protection  Agency 
(Cal/EPA).  This  change  can  be  found  on  page  G-l. 

c.  In  tne  very  next  paragraph,  it  states  that  "EPA  may  use...”  It  should  read 
"the  Air  Force  may  use..." 

Response: 

This  sentence  has  been  changed  to  reflea  that  Cal/EPA  may  use  guidance 
advisories  as  matters  "to  be  considered."  This  change  is  presented  on  page  G-l. 

d.  At  p  G«2,  2d  paragraph:  The  second  sentence  states  that  ARARS  must 
be  timely  identified  to  EPA.  It  should  read  that  they  must  be  identified 
to  the  Air  Force. 

Response: 

The  phrase  "to  EPA"  has  been  deleted  from  this  sentence  as  shown  on 
page  G-2. 

My  review  may  not  have  found  all  the  instances  where  the  authors  have 
unthinkingly  operated  from  the  assumption  that  EPA  is  the  lead  agency.  We 
should  be  careful  to  correct  any  such  instances. 

3.  Volume  I,  p  7-3,  Table  7-1:  For  the  Containment  methyl  isobutyl  ketone,  the  3d 
column  fails  to  list  a  potential  remedial  approach,  which  I  assume  should  be 
ground  water  extraction. 
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Response; 


Groundwater  extraction  was  added  to  the  third  column  of  Table  7-1. 

4.  Volume  II,  Appendix  G,  p  G-U,  2d  full  paragraph:  Hiis  discussion  refers  to  a 
permit  issued  to  our  ground  water  treatment  plant  It  should  note  that  the 
permit  was  not  renewed  due  to  our  CERCLA  permit  exemption  for  on*site 
activities.  Thus,  while  the  permit  itself  is  not  an  ARAR,  the  efliuent  levels 
referred  to  in  the  inactive  permit  may  reflect  substantive  requirements  with 
which  the  Air  Force  must  comply. 

Response: 

The  paragraph  has  been  changed  to  reflect  that  the  NPDES  permit  limits  are 
examples  of  the  limits  that  may  be  placed  on  a  similar  treatment  plant  discharge 
at  the  Davis  Site.  The  changes  can  be  found  on  page  G-11. 

5.  Appendix  G,  p  G«16,  Table  G-4,  Item  16:  The  cite  to  20  CFR  1910.120  should 
instead  oe  29  CFR  1910.120. 

Response; 

The  citation  has  been  changed  to  29  CFR. 

6.  Appendix  G,  p  G-25,  top  2  paragraphs:  I  do  not  recognize  the  citations  that 
b^n  with  "R  18-8":  I  Mieve  the  correct  citations  are  to  40  CFR. 

Response: 

The  citation  has  been  changed  to  40  CFR. 

7.  Volume  II,  Appendix  K,  p  K-ll  (Table  K-1),  middle  column,  bottom  tien  It 
states  here  that  "all  necessary  permits  should  also  be  obtainable."  No  permits 
would  be  required  for  this  on  site  bioventing,  and  this  reference  should  be 
removed. 

Response: 

The  sentence  has  been  changed  to  read  "In  addition,  the  substantive  portions  of 
any  permitting  requirements  can  be  met."  This  change  can  be  found  in 
Table  K-1. 
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Alex  MacDonald 

California  Regional  Water  Quality  Control  Board 


Volume  I 

1.  Target  Area  for  C  A  {uifer.  Figure  4«la  shows  the  target  area  for  ground  water 
remediation  based  on  data  collected  from  mooitor  wells  prior  to  March  1993. 
The  additional  ground  water  sampling  and  anatysis  on  samples  collected  since 
that  time  shows  the  target  zone  should  be  expuded  farther  to  the  south. 
Monitor  well  PCC-21  which  is  depicted  as  the  outer  boundary  of  the  target  area 
was  found  to  have  132  /ig/I  TCE;  Using  this  data,  the  target  zone  for  the  C 
aquifer  would  be  expanded  significantly  and  the  calculated  mass  estimate  will 
be  much  greater.  The  mass  calculations  and  Um  target  zones  should  be 
reevaluated. 

The  new  ground  water  data  was  used  to  determine  if  the  proposed  extraction 
rates  and  zones  of  capture  would  be  sufficient  to  capture  the  extent  of  contami¬ 
nation.  To  do  this,  the  new  target  zone  would  have  to  been  developed.  This  new 
zone  should  be  presented  in  the  draft  final  version  of  the  report. 

Response: 

New  target  volumes  were  developed  on  the  basis  erf  contaminant  data  through 
July  1993.  The  mass  estimates  for  each  zone  were  revised  accordingly. 

2.  The  Target  Area  for  iiie  D  Aquifer.  The  conuaent  for  the  C  Aquifer  Target 
Area  applies  in  general  to  that  depicted  for  the  D  Aquifer  on  Figure  4-lb.  The 
ground  water  concentration  i.socontours  should  be  reconfigured  after  adding  the 
data  from  the  ground  sample  collected  fiom  the  D  zone  during  the  drilling  of 
MWE-21.  Thts  data  will  yield  a  greater  volume  and  mass  of  contaminants  than 
that  calculated  for  the  report. 

Response: 

See  response  to  Comment  1. 

3.  Vadose  Zone  Target  Area.  Though  staff  agrees  gamaity  with  the  defined  target 
zone,  we  believe  that  the  data  presented  in  the  crass-sectioBS  depicts  the  possi¬ 
bility  of  a  greater  target  volume  at  depth  thaa  that  showa  oa  Figure  4-2a.  The 
shallow  soil  gas  sampling  is  likely  nirt  sutficieat  la  ddine  the  extent  of  soil  gas 
contamination  at  depth.  As  part  of  the  last  phase  of  Remedial  Investigation 
field  work,  some  borings  and  associated  soil  gas  sani^Ung  should  be  included. 
These  borings  could  be  converted  to  soil  ^  maailnr/fxtrictloa  wells  as  neces¬ 
sary.  If  they  are  converted  to  monitor  wells  thqr  wiii  be  oselUl  in  determining 
the  zone  of  capture  of  the  soil  gas  extractioa  symaa.  This  poim  was  discussed 
in  your  office  during  the  last  several  weeks. 
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Response: 


Table  7-2  was  revised  to  include  deep  soil  gas  sampling  as  an  additional  investi¬ 
gation, 

4.  Section  4.2.2,  Mass  of  Contamination.  The  mass  of  contamination  in  the 
ground  water  should  be  calculated  using  all  the  available  data.  See 
Comments  1  and  2,  above. 

Response: 

See  response  to  Comment  1. 

5.  Figure  4-6a.  The  inert  figure  should  also  show  the  lines  for  TCE  and 
t.l,2.DCE. 

Response: 

The  figures  have  been  revised  to  show  TCE  and  1,2-DCE. 

6.  Figure  4-16.  Similar  to  the  other  cross-sections,  the  vadose  zone  contamination 
should  be  depicted  if  sufficient  data  is  available  completed  monitor  wells?  The 
results  from  these  wells,  sampled  in  July  1993,  should  be  added  to  the  report. 

Response: 

The  figures  have  been  revised  to  show  July  1993  contamination. 

7.  Page  6-6,  first  paragraph.  It  is  stated  that  there  should  be  no  need  to  install 
additional  wells  for  monitoring  purposes.  As  stated  above,  staff  is  not  of  the 
opinion  that  the  extent  of  deeper  contamination  in  the  soil  gas  has  been  deter¬ 
mined.  In  addition,  there  may  need  to  be  additional  monitor  wells  to  determine 
the  effective  radius  of  capture  of  the  extraction  system. 

Response: 

Additional  monitoring  points  may  need  to  be  installed  for  the  zone  of  seasonal 
water  table  fluctuation,  located  40  to  70  feet  bgs.  Costs  for  installing  additional 
wells  are  not  included  in  the  estimates  presented  in  Section  6.3.7. 

8.  Figure  6-5.  The  exteaction  wells  for  the  D  Aquifer  should  be  moved  as  dis¬ 
cussed  during  our  recent  teleconference. 
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Response: 


The  figure  has  been  changed  to  show  actual  locations  of  the  new  D  aquifer 
wells. 

9.  Table  7<1.  It  is  listed  in  this  table  that  the  semivolatile  organic  contaminants 
will  be  potentially  remediated  at  the  site  by  bioventing.  Has  this  method  been 
shown  effective  on  the  semivolatile  contaminants? 

Response: 

Soil  bioventing  may  or  may  not  be  suitable  for  any  of  the  specified  semivolatile 
compounds.  Numerous  site-specific  factors  (such  as  presence  of  sufficient 
populations  of  degraders;  correct  soil  physical  conditions  such  as  water  content, 
permeability,  soil  particle  sizes;  presence  of  metabolic  inhibitors  such  as  high 
concentrations  of  heavy  metals;  concentration  of  target  contaminants;  presence 
of  alternative  substrates)  should  be  investigated  before  commencing  soil  bio¬ 
venting. 

However,  all  of  the  specified  semivolatile  compounds  have  been  shown  to  be 
degradable  under  aerobic  conditions.  This  implies  that  soil  bioventing  has  the 
potential  to  be  effective  for  these  compounds. 

10.  Chapter  7,  Conclusions.  Conclusions  should  be  revised  based  on  the  above 
comments. 

Response: 

The  conclusions  have  been  revised  to  incorporate  the  new  numbers  for  contami¬ 
nant  mass. 


Volume  II 

1.  Appendix  F.  Data  from  the  newly  installed  gronad  water  monitor  wells  should 
be  included  in  this  appendix  to  show  ground  wnicr  contaminant  contours  and 
development  of  mass  estimates.  The  latest  data  auqr  alter  the  presented  values 
to  some  extent 

Response: 

Data  from  the  new  wells  were  incorporated  into  the  mass  estimates,  and  the 
new  values  are  presented  in  Appendix  F. 
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2. 


Appendix  F,  figure  F(a)>l.  With  the  presented  data  for  concentrations  in  the 
C  Aquifer,  the  C  Aquifer  target  area  appears  to  extend  to  far  to  the  northwest 
The  same  thing  can  be  said  for  the  D  Aquifer  target  volume  as  delineated  in 
Figure  F(a)-2. 

Response: 

New  target  areas  (volumes)  are  presented  in  the  figures. 

3.  Appendix  F,  page  F*23.  It  is  stated  that  in  the  conclusions  that  the  extent  of 
contamination  in  the  vadose  zone  is  based  on  the  results  of  the  shallow  soil  gas 
survey.  Those  results  may  not  be  indicative  of  the  contamination  at  depth.  The 
target  area  needs  further  definition  with  deeper  soil  gas  sampling. 

Response: 

See  response  to  Comment  3,  Volume  I. 

4.  Appendix  F.  Pages  F-22  through  F-24  are  repeated  as  F*26  through  F<28. 
Response: 

The  text  has  been  revised  to  reflect  the  correct  order. 

5.  Appendix  F,  page  F*29.  It  is  stated  that  the  organic  fraction  value  used  in  the 
analyses  was  based  on  sample  results  and  is  considered  a  fair  representation  of 
the  site  values.  Only  one  sample  was  analyzed  for  organic  carbon  content  It 
may  or  may  not  be  representative  of  the  site,  but  is  better  than  using  a  book 
value. 

Response: 

The  text  has  been  revised  to  read  as  follows: 

"The  value  was  based  on  the  average  of  four  samples  collected  during 
the  installation  of  soil  vapor  monitoring  wells." 

6.  Appendix  G,  page  G«10,  sixth  paragraph.  The  Basin  Plan  for  the  Central  Valley 
Region  establishes  the  beneficial  uses  of  specific  water  bodies  within  our 
region.  The  Inland  Surface  Waters  Plan  establishes  water  quality  objectives  for 
receiving  waters  to  protect  aquatic  life  and  sources  of  drinking  water  from 
various  pollutants. 

Response: 

This  paragraph  has  been  changed  to  reflect  that  the  Basin  Plan  establishes  the 
beneficial  uses  of  water  bodies  within  the  region,  and  the  Inland  Surface  Watms 
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Plan  establishes  water  quality  objectives  for  receiving  waters.  These  changes  are 
presented  on  page  G-10. 

7.  Appendix  G,  paragraph  2.  The  permit  for  the  discharge  from  the  Ground 
Water  Treatment  Plant  at  McClellan  AFB  is  not  an  ARAR  for  the  Davis 
Transmitter  Site.  It  is,  however,  an  example  of  the  limitations  that  might  be 
placed  on  a  similar  discharge  from  the  a  Davis  site  ground  water  extraction  and 
treatment  discharge.  The  regulations  used  to  develop  the  McClellan  AFB  per¬ 
mit  would  be  the  same  as  those  that  would  be  ap^kd  to  the  Davis  site. 

Response: 

This  paragraph  has  been  changed  to  reflect  that  the  XPDES  permit  limits  are 
examples  of  the  limits  that  may  be  placed  on  a  sunilar  treatment  plant  discharge 
at  the  Davis  Site.  The  changes  are  presented  on  page  G-11. 

8.  Table  G-6.  This  table  of  ARARs  should  include  tte  California  Water  Code  for 
discharge  of  wastewater  effluent  from  the  treatment  plant  Cleanup  values  for 
the  vadose  zone  and  ground  water  must  comply  with  SWRCB  Resolution  68-16 
as  an  ARAR,  with  Resolution  92-49  as  a  TBC.  Chapter  15  does  not  apply  to 
the  discharge  from  the  treatment  plant  to  a  surface  water. 

Response: 

The  California  Water  Code  citation  remains  unchanged;  however,  the  sentence 
preceding  it  has  been  changed  to  specify  that  the  code  applies  to  the  discharge 
of  wastewater  effluent  from  a  treatment  plant  SWRCB  Resolution  68-16  and 
Title  23,  Division  3,  Chapter  15  have  been  added  as  ARARs  to  the  "Vadose 
Zone  and  Groundwater  Treatment"  row.  Resolution  9249  has  also  been  added 
to  this  row  as  a  TBC.  Title  23,  Division  3,  Chapter  15  has  been  deleted  from 
the  "Discharge  of  Wastewater  Effluent  from  Treatment  System"  row.  These 
changes  are  presented  in  Table  G-6,  page  G-24. 

9.  Appendix  G,  page  G>30,  first  paragraph.  Cleanp  of  soils  and  ground  water  to 
background  concentrations,  unless  proven  technkaily  and  economically 
infeasible,  is  required  in  Resolution  68>16  and  Tltie  23,  Division  3,  Chapter  15. 

Response; 

This  paragraph  has  been  changed  to  reflect  that  Title  23,  Division  3,  Chapter  15 
also  contains  the  requirement  to  clean  up  soils  and  groundwater  to  background 
concentrations  unless  proven  to  be  technically  and  eomomicaUy  infeasible. 

10.  Appendix  J,  Figure  J-19.  The  first  decision  dfamowl  on  the  right  side  of  the 
flow  diagram  does  not  have  a  "Yes"  path  assocfafai  wRh  it  Two  other  decision 
diamonds  have  two  arrows  leading  from  them  hat  <ml^  the  "no"  path  is 
delineated. 
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The  first  box  on  the  right  side  states  that  the  extraction  wells  should  be  each 
sample  and  composited.  Why  not  just  sample  the  influent  to  the  treatment 
system  to  determine  mass  loading  to  the  treatment  system.  A  certain  frequency 
of  sampling  the  individual  exfraction  welis  for  separate  analysis  should  also  be 
postulated. 

Response: 

The  figure  and  associated  text  have  been  revised  to  respond  to  the  comment. 

11.  Appendix  M,  Costs  for  treatment  options.  The  section  was  improved  oyer  the 
working  copy.  Some  minor  changes  are  still  needed  as  follows: 

a.  Labor  costs  for  GAC  are  twice  as  high  as  those  for  the  other  treatment 
options  even  with  the  same  number  of  hours. 

b.  Why  is  the  cost  of  additional  labor  more  for  TVl  GAC  than  for  TV2  even 
though  the  same  number  of  hours  are  required? 

c.  Why  are  there  twice  as  many  samples  for  TV2  as  TVl? 

d.  Table  M(a)>7.  The  O&M  costs  listed  for  GAC  TV2  appear  to  be  in 
error. 

Response; 

a.  The  labor  cost  for  tte  GAC  was  miscalculated  and  corrected.  A  similar 
error  was  found  fcs W  Oxidation.  The  changes  are  presented  in 
Attachment  M(a)-2  and  Tables  M(a)-5  and  M(a)-6. 

b.  The  additional  labor  for  TVl  and  TV2  should  have  been  the  same  and 
was  corrected.  The  changes  are  presented  in  Attachment  M(a)-2  and  in 
Tables  M(a)-5  and  N^a)-6. 

c.  The  number  of  samples  increased  for  TV2  because  an  additional  unit  was 
needed  to  treat  the  increase  in  the  amount  of  flow.  This  is  discussed  on 
page  M-8  under  Operation  and  Maintenance  Costs,  the  third  bulleted 
item -Analytical 

d.  The  O&M  cost  of  GAC  TV2  in  Table  M(a)-7  was  an  error  and  has  been 
corrected. 
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Mark  Malinowski 

Department  of  Toxic  Substances  Control 


Volume  I  of  III 

General  Comments 

1.  The  report  is  well  written  and  organized.  The  ^Modwater  mass  and  volumes 
should  be  updated  to  include  the  most  recent  graudwater  sampling  data. 

Response: 

The  groundwater  mass  and  volumes  were  changed  to  include  the  July  1993 
sampling  results.  Electronic  groundwater  sampling  data  b’om  the  April  and  July 
1993  sampling  events  are  pending.  It  is  expected  that  these  data  will  be 
incorporated  into  the  database  for  the  Davis  Site  and  included  in  Appendix  U 
for  the  Final  copy  of  the  report.  However,  groundwater  quality  data  through 
July  1993  were  incorporated  into  the  site  cross  sections,  target  volumes,  and 
hydrogeologic  interpretation. 

2.  Given  the  screen  interval,  monitoring  well  MWI>>2  should  be  re-labeled  as 
MWC.2. 


Response: 

It  will  be  noted  that  MWD-2  is  actually  a  C  aqu^  well;  however,  the  actual 
well  name  will  remain  the  same. 

3.  When  metric  weights  (kg)  are  provided,  also  include  the  U.S.  customary  weights 
(pounds  or  ounces). 

Response: 

The  equivalent  weights  in  pounds  have  been  added  to  metric  weights  in 
kilograms. 

4.  The  monitor  well  Concentration  versus  Hme  phMi  should  use  a  log  scale  along 
the  concentration  axis.  The  log  scale  proridfi  better  resolution  at  low 
concentrations. 

Response: 

The  monitoring  well  time  versus  concentration  piott  will  be  changed  so  the 
concentration  axis  will  be  a  log  scale.  Plots  of  coacemration  verm  time  for  ail 
wells  will  be  supplied  after  issuance  of  the  Draft  Final  reprat  and  before  the 
issuance  of  the  Final  report. 
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Specific  Comments 

1.  Page  iii,  paragraph  4.  Specify  the  vadose  zone  "objectives." 

Response: 

The  text  was  revised  to  read  as  follows: 

"Objectives  for  the  RI/FS  were  divided  into  vadose  zone  and  groundwater 
actions.  The  vadose  zone  objectives  included  determining  the  extent  of 
soil  gas  contamination,  identifying  areas  of  VOC  contamination, 
identifying  areas  where  soil  vapor  monitoring  wells  should  be  installed, 
and  providing  contaminant  data  that  could  be  used  in  human  health  or 
ecological  risk  assessment  activities." 

Page  vtii,  Conclusions.  The  Executive  Summary  Conclusions  should 
summarize  the  short  narratives  presented  in  Chapter  7  (e.g.,  vadose  zone 
contamination  will  continue  to  contaminate  groundwater  if  action  is  not  taken. 
VOC  contamination  continues  to  spread  downward  and  outward.  SVE  would 
reduce  VOC  mass  in  the  vadose  zone  adequately  and  prevent  continued 
contamiuation  of  the  groundwater.  Groundwater  containment  systems  would 
inhibit  off-site  migration  of  groundwater.) 

Response: 

The  text  was  revised  to  read  as  follow: 

A  full  list  of  conclusions  generated  during  the  site  evaluation  are  presented  in 
Chapter  7,  along  with  recommendations  for  additional  work.  The  list  of  COCs 
and  potential  remedial  actions  for  each  COC  is  tabulated  in  Chapter  7. 

The  following  is  a  synopsis  of  the  conclusions: 

•  If  left  unchecked,  vadose  zone  contamination  will  continue  to 
degrade  groundwater  quality  for  several  hundred  years. 

•  Steep  downward  vertical  gradients  and  increased  horizontal 
gradients  that  exist  beneath  the  site  during  the  late  spring  and 
summer  promote  contaminant  movement  from  shallow,  more 
contaminated  zones  to  deeper,  less  contaminated,  more 
transmissive  aquifers.  This  results  in  larger  target  volumes  for 
groundwater  remediation,  especially  in  the  C,  D,  and  E  zones, 
which  translates  into  higher  costs  for  the  eventual  remedial  action. 

•  Implementation  of  soil  vapor  extraction  within  the  vadose  zone 
would  reduce  or  remove  the  threat  of  contaminant  loading  to  the 
groundwater. 
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•  Groundwater  extraction  and  treatment  would  inhibit  offsite 
movement  of  groundwater  contamination  and  serve  to  remediate 
subsurface  contamination  to  levels  accepted  by  the  California 
Environmental  Protection  Agency. 

3.  Page  xvii,  Glossary  of  Terms.  Please  define  the  following:  anaerobic 
dehalogenation  -  halogen,  biotransformation  •  chlorinated  aiaphatic. 

Response: 

The  comment  is  understood  to  request  the  following: 

Define  the  term  halogen  used  within  the  definitum  of  anaerobic  dehalogenation 
and  define  the  terms  chlorinated  aliphatic  within  the  definition  of 

biotransformation. 

I'he  term  halogen  has  been  defined  in  the  Glossary  of  Terms.  The. terms 
"chlorinated  aliphatic"  have  been  removed  from  the  definition  of 

biotransformation. 

4.  Page  1-4,  1.2,  paragraph  3.  The  reference  to  Figure  1-3  as  a  "timeline  for 
remedial  investigo.tive  activities”  is  not  accurateu  Figure  1-3  indicates  only  the 
contractors  who  worked  on  the  site,  not  the  work  performed.  Is  Figure  1  3 
missing  verbiage  on  the  right  hand  side  that  would  indicate  the  contractor’s 
efforts?  (e.g.,  Kleinfelder  •  UST  investigation.,  FTC  •  RI  work  •  determine 
extent  of  groundwater  contamination..  Radian  •  quarterly  groundwater 
sampling.,  etc.)  Radian  did  perform  some  groundwater  sampling  in  1988. 

Response: 

The  text  and  title  of  Figure  1-3  have  been  revised  to  read  'Time-Line  of  RI 
Contractors  at  the  Davi.s  Site."  The  reader  is  directed  to  Figure  2-1  for  a 
description  of  the  work  performed. 

Our  review  of  IRIPMS  data  and  previous  reports  indicates  that  no  groundwater 
sampling  was  performed  by  Radian  in  1988.  However,  groundwater  sampling 
was  performed  by  ITC.  TTiis  sampling  is  added  to  Figure  2-1.  Results  were 
included  in  Appendix  U  of  the  Working  Copy. 

5.  Page  1-4,  Section  U.l.  Include  the  main  objective  of  the  RI;  gather  enough 
information  to  be  able  to  conduct  a  feasibility  study,  perform  a  remedial  design 
and  implement  a  clean-up  action. 
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Response: 


The  text  was  revised  to  read  as  follows: 

The  principle  objective  of  the  RI  is  to  compile  sufficient  data  to  perform 
a  feasibility  study,  develop  a  remedial  design,  and  implement  a  remedial 
action.  This  objective  is  divided  into  specific  vadose  zone  and 
groundwater  objectives. 

6.  Page  4*3,  Section  4.2.  The  contaminant  mass  estimates  and  target  volumes 
should  be  revised  based  on  the  most  recent  sampling  results. 

Response: 

Contaminant  mass  estimates  and  target  volumes  were  revised  to  include  the  July 
1993  sampling  results. 

7.  Page  4<3j  Section  4.2.1.  Selection  of  Target  areas  should  include  estimated 
groundwater  target  volumes  (total  gallons)  for  each  zone.  Groundwater 
volumes  for  non-detect,  MCL  and  risk  boundaries  should  be  presented 
(Table  format  would  probably  be  best.) 

Response: 

Target  areas  have  been  changed  to  unit  target  volumes  for  each  zone.  The  new 
groundwater  target  volumes  for  nondetect  and  MCL  boundaries  are  presented 
below.  Risk  target  volumes  wll  not  be  presented  based  on  consensus 
established  at  the  June  30,  1993  meeting. 


Tu«c«  ArcM  «Ml  UaM  Tu«rt  V«Ihm>  jj 

Zaa* 

Nondtrtrf 
Tuim  Ana 
(in/MCL 
Tar|e<  Area 

Taivtl  Ana 
Thkkata^ 

<«) 

PwaaMjr 

Noadrifct 

UaMTargrt 

ValaflM 

(ml.) 

MCL  UoU 
Turjet 
Voloinc 

VadoM  Zone 

I3l,200/NA 

40 

0.40 

2.100,000  * 

NA 

A-B  Aquiurd 

453,000/215.000 

25 

0.45 

38.100,000 

18,000,000 

B  Aquifer 

453,000/215.000 

30 

0.40 

40,700,000 

19,300,000 

B-C  Aquiurd 

649.350/150,000 

20 

0.45 

43,700,000 

10.000.000 

C  Aquifer 

649,350/150,000 

30 

0.39 

56SOO.OOO 

U.IOO.OOO 

C-O  Aquiurd 

969.000/425.000 

20 

0.45 

65,200,000 

28,600.000 

0  Aquifer 

969.000/423.000 

30 

0.3S 

76,100,000 

33,400,000 

D-E  Aquiurd 

950,0004) 

20 

0.45 

63,900.000 

0 

E  Aquifer 

950.000/0 

30 

OJS 

74,600,000 

0 

1  *Vadoae  zone  unit  Ur|et  voIuok  umu  of  ft^  . 
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8.  Figure  4-6  (a-h).  The  Department  recommeiids  using  a  log  scale  for  the 
concentration  plots.  Plots  for  all  the  monitoring  wells  at  the  site  should  be 
included  as  an  appendix. 

Response: 

See  Response  to  General  Comir'ent  4. 

9.  Figure  4-9.  Intersection  identified  as  G-G’  shonM  be  H-H’.  Contamination 
(red)  should  be  depicted  in  PC-21,  and  extended  from  MWE-3  to  MWE-21. 
Contamination  should  be  illustrated  throughont  (vertically)  the  aquifer  that  is 
screened  (see  IVfWD-3).  Contamination  should  be  shown  across  the  screened 
section  of  MWC-3.  Explain  the  contamination  indicated  between  lVfWC-3  and 
M\VD-3. 


Response: 

The  recommendations  were  implemented  and  shown  in  the  revised  Figure  4-9. 
Contamination  is  shown  throughout  the  screened  interval  in  wells  where 
contamination  has  been  detected.  Graphically,  the  red  contamination  is 
superimposed  over  coarse-grained  layers.  If  the  contamination  is  extended 
vertically  throughout  these  units,  the  red  color  would  obscure  the  unit. 
Therefore,  we  have  left  an  outline  of  the  coarse-grained  unit  around  the 
contamination. 

The  contamination  between  MWC-3  and  MWD-3  has  been  removed  from  the 
figure. 

10.  Figure  4-10.  Indicate  the  H-H*  cross  section  intersection.  EW-IC  has  been  ND 
in  7/93  and  10/93.  Contamination  should  not  be  shown  in  the  C  zone  in  this 
cross  section. 

Response: 

Figure  4-10  was  revised  as  suggested. 


11.  Figure  4-11.  Contamination  should  be  shown  in  MWE-22. 


Response: 

Figure  4-11  was  revised  as  suggested. 
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12.  Figure  4-12  .  Provide  the  sampling  results  for  MWC-1  and  MWD-l. 

Response: 

Figure  4-12  was  revised  as  suggested. 


13.  Figure  4-13.  Sampling  results  from  7/93  for  E\^-1C  and  MWD-2  do  not 
support  the  contamination  depicted  in  the  C  aquifer.  The  contamination  in  the 
B  zone  should  extend  east,  past  MWB-13. 

Response: 

Figure  4-13  was  revised  as  suggested. 

14.  Figure  4-14.  Provide  the  sampling  results  for  MWC-4. 

Response: 

Figure  4-14  was  revised  as  suggested. 

15.  Figure  4-16.  Groundwater  contamination  should  he  depicted  southwest  past 
EW-3C  (B  zone),  and  MWD-10  (D  zone),  and  northeast  past  MW-6  (B  zone). 
As  previously  stated,  the  C  zone  sampling  data  do  not  support  the 
contamination  depined.  It  appears  that  contamination  is  migrating  downward, 
fh)m  the  B  to  the  C,  near  the  MW  (X)-3  cluster.  Include  the  7/93  data  for 
MWE-3. 

Response: 

Figure  4-16  was  revised  as  suggested.  Note  the  projection  lines. 

16.  Figure  4-17.  Contaminatioa  should  be  depicted  in  the  E  zone. 

Response: 

Figure  4-17  has  been  revised  to  show  contamination  in  the  E  zone. 


17.  Page  5-5,  Section  S3.  The  "clean-up  levels"  for  groundwater  are  actually 
"targets  levels."  This  section  should  indicate  that  the  FS  evaluates  the  cost  to 
clean-up  groundwater  to  background,  MCLs  and  10^  risk. 
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Response: 


See  response  to  Specific  Comment  7.  The  feasibility  study  evaluates  the  cost  to 
clean  up  to  background  levels. 

18.  Page  6*6,  paragraph  1.  Additional  soil  gas  moaitoring/extraction  wells  should 
be  considered  to  evaluate  the  subsurface  zone  that  is  saturated  in  the  winter, 
but  dewatered  in  the  summer. 

Response: 

-l-anguage  has  been  added  that  recognizes  the  possible  need  for  additional 
monitoring  points  for  the  "zone  of  seasonal  water  table  fluctuation." 

19.  Page  6-6,  Section  6.2J.2.  Does  the  site  have  a  natural  gas  line?  If  not,  have  the 
additional  costs  to  install  a  gas  line  been  ircorptwated  into  the  CatOx  cost 
evaluation? 

Response: 

The  Davis  Site  does  not  currently  have  a  natural  gas  line.  We  are  not  aware  of 
any  plans  to  install  a  gas  line  in  the  near  future.  If  a  gas  line  is  not  installed,  a 
portable  propane  tank  will  be  required  to  supply  the  fuel.  Using  a  portable 
propane  tank  would  increase  the  annual  0«feM  cost  of  the  CatOx  system  by 
approximately  S7,500.  This  would  increase  the  O&M  cost  for  offgas  treatment 
presented  in  Table  6-9  from  $28,000  to  $35,500. 

20.  Page  6-8,  Section  6.2,4.  The  FS  should  use  the  target  volumes  generated  in 
Chapter  4,  and  evaluate  the  cost  to  cleen-up  groundwater  to  background,  MCLs 
aad  10*^  risk.  Use  of  the  term  Target  Volume  for  ^undwater  is  inaccurate 
since  no  volumes  are  presented. 

Response: 

The  feasibility  study  used  the  new  target  volumes  presented  in  Chapter  4.  The 
feasibility  study  also  presented  the  cost  to  clean  up  to  background  levels  only 
based  on  consensus  established  during  the  June  30,  1993  meeting. 

21.  Page  6-9  Figure  6-5.  The  figure  should  be  revised  to  indicate  the  location  of  the 
extraction  wells  based  on  the  November,  1993  teleeonfereace  between  CH2M 
HILL,  McAFB,  the  RWQCB  and  DTSC 

Response: 

The  new  locations  of  the  D  aquifer  extraction  wells  have  been  incorporated  into 
Figure  6-5. 
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22.  Page  6*11,  Section  6.2.43.  Include  a  paragraph  describing  the  need  to  drill 
exploratory  holes  to  ensure  reinjection  is  viable  (technically,  i.e,,  aquifer 
capability,  regulatory  i.e.,  groundwater  quality  between  injected  water  and 
aquifer  water.) 

Response: 

The  following  text  has  been  added: 

As  a  first  step  to  drilling  reinjection  wells,  exploratory  test  holes  should 
be  drilled  to  define  the  stratigraphy  and  presence  of  coarse-grained 
units.  An  attempt  should  be  made  to  collect  aquifer  soil  samples.  The 
samples  should  be  analyzed  to  determine  if  the  soil  matrix  is  compatible 
with  the  injection  water  in  terms  of  geochemistry  and  aquifer  clogging. 
Geophysical  logging  of  the  test  hole  and  logging  of  the  test  hole  cuttings 
will  give  an  indication  of  the  hydraulic  propenies  of  the  formation. 

23.  Page  6>3S,  Table  6*12.  The  Target  Areas  should  be  volumes.  Estimates  for 
groundwater  should  be  provided  in  some  measure  appropriate  for  water 
(e.g.  gallons  or  acre  feet.)  The  Vadose  Zone  Target  .Area  (Volume)  should  be  in 
cubic  feet 

Response: 

Reference  to  groundwater  "target  areas"  has  been  deleted  from  the  document. 
The  term  "unit  target  volume"  is  now  used  to  provide  a  measure  of  the  volume 
of  water  within  the  specified  groundwater  target  volume,  or  the  volume  of  air 
within  a  vadose  zone  target  volume.  Unit  target  volumes  in  Table  6-12  are 
referred  to  in  units  of  gallons  for  groundwater,  and  units  of  cubic  feet  for  the 
vadose  zone. 

24.  Mass  of  Contamination  is  underestimated  due  to  a  lack  of 
understanding/measuring  contaminant  adsorption  to  soils. 

Response: 

It  is  acknowledged  that  the  contaminant  mass  estimate  may  be  within  an  order- 
of-magnitude  of  the  actual  contaminant  mass. 

25.  Page  6>39,  Table  6-14.  Include  the  costs  for  capturing  contamination  that 
exceeds  10**  risk. 

Response: 

The  cost  for  capturing  contamination  that  exceeds  10"*  risk  is  not  included  as 
consensus  established  at  the  June  30,  1993  meeting. 
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26.  Page  7-2,  Section  TJ.  pan^»  -apn  Include  ike  State  of  California’s  Non- 
Degradation  requirements  ni>  section  as  a  reassa  fw’  taking  action. 

Response: 

Remedial  actio.:  :s  warra  {ed  at  this  site  to  satisfy  the  Regional  Water  Quality 
Control  Boarc  (RWOC;sj  nondegradation  retfokonent  for  ^oundwater  and 
vadose  zone  contamination.  Groundwater  and  vadcne  zone  contamination  needs 
to  be  restored  to  background  conditions. 

27.  Page  7-2,  Section  7.5.  Include  additional  "deep”  ssi  gas  sampling. 

Response; 

Table  7-2  has  been  changed  to  add  deep  sod  gas  sampling  as  an  additional 
investigation. 

Volume  II  of  III 

1.  Page  B-2.  Provide  a  map  showing  the  five  SVMWs  and  nine  piezometers 
locations.  Specify  the  dates  of  the  tests  and  tlK  mast  recent  rainfall  event  and 
amount  of  precipitation. 

Response: 

The  five  soil  vapor  monitoring  wells  and  noe  piezometers  are  shown  on 
Figure  B-4.  The  dates  of  the  tests  and  the  most  recent  rainfall  event  are  shown 
in  Table  B-1. 

2.  Figure  B-2.  The  response  of  the  SVMWs  ami  piexometers  are  suspiciously 
matched  to  the  barometric  pressure.  Can  pan  provide  any  insight  to  the 
correlation?  The  data  for  the  air  permeabiliiy  tests  at  CH-t  and  5  do  not 
appear  to  correlate  as  closely. 

Response: 

On  the  basis  of  air  permeability  testing  resuks,  swface  barometric  pressure 
fluctuation  would  be  measureable  in  the  subsuafve  wklnn  1  hour  after  change 
on  the  surface.  Therefore,  it  is  expected  that  any  hferometric  fluctuation  would 
be  measured  in  the  subsurface  during  testing  wtt  a  lag  period  of  at  least  1  hour. 

3.  Page  B-17,  paragraph  1.  Is  it  possible  that  the  IMpgienl  activity  (no  measured 
oxygen)  caused  the  positive  pressure  observed  ai  C^-5  well? 
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Response: 


It  is  unlikely  that  biological  activity  in  the  vicinity  of  CH-5  could  generate  the 
pressures  needed  to  record  positive  pressures  in  the  piezometers  at  depth.  It  is 
much  more  likely  that  infiltrating  rainfall  would  create  positive  pressures  in  the 
subsurface. 

4.  Page  B>17.  RecommeadatiohS  are  not  supplied.  Ate  additional  SVE  wells 
needed?  Will  additional  testing  be  needed  prior  to  installing  SVE  wells?  Will 
the  existing  wells  be  adequate  for  performing  SVE  or  should  larger  diameter 
wells  be  installed?  Should  air  permeability  tests  be  conducted  in  the  summer 
and  winter  to  evaiuate  the  impact  of  soil  moisture  and  level  of  groundwater? 
Would  soil  moisture  profiles  be  helpful  in  evaluating  the  air  permeability 
results?  Will  latter  diameter  SVE  wells  have  any  significant  effect  on  the 
radius  of  influence? 

Response: 

The  text  has  been  revised  as  follows: 

Recommendations 

Air  permeability  results  were  used  as  input  data  for  modeling  of  airflow  in  the 
vadose  zone  at  the  Davis  Site.  A  discussion  of  the  air  modeling  and  SVE 
requirements  are  presented  in  Appendix  1.  Refer  to  Appendix  I  for  details  on 
the  design  and  operation  of  the  proposed  SVE  system.  Using  the  results 
generated  from  the  air  permeability  testing,  the  following  recommendations  have 
been  formulated: 

•  The  five  existing  SVMW  can  be  used  as  SVE  wells  during  operation  of 
an  SVE  system.  Flow  rates  up  to  100  scfin  can  be  applied  to  the  existing 
2-inch  wells. 

•  At  this  time,  no  additional  SVE  wells  are  needed  for  an  SVE  system. 

•  If  additional  SVE  wells  are  needed  for  soil  vapor  capture,  the  wells 
should  be  no  smaller  than  4  inches  in  diameter. 

•  Additional  air  permeability  testing  during  the  dry  season  may  result  in 
different  air  permeability  values  because  of  differing  antecedent  moisture 
conditions. 

5.  Page  D>4,  paragraph  1.  Field  Exploration  Have  owls  been  observed  in  the  soil 
piles?  The  data  for  samples  from  the  northern  and  eastern  soil  piles  could  not 
be  found  in  Table  U*l. 
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Response: 


The  text  has  been  revised  as  follows: 

"These  piles  do  not  appear  to  have  been  disturbed  since  their  placement; 
however,  rodent  burrows  have  been  observed  in  the  piles." 

6.  Page  E-1.  Provide  concentration  plots  for  all  Use  the  same  scale  (log) 

for  all  the  wells.  Provide  tables,  like  J>1,  for  ail  Ae  sampling  episodes.  Include 
groundwater  elevations  and  detection  limits. 

Response: 

Time  concentration  plots  will  be  provided  for  all  of  the  wells  using  a  log  scale  on 
the  concentration  axis.  The  plots  will  be  provided  in  or  before  the  Final  copy  of 
the  report.  Tables  like  J-1  will  not  be  provided  for  all  of  the  groundwater 
sampling  episodes  as  consensus  established  during  the  January  4,  1994, 
teleconference  with  DTSC,  McClellan  AFB,  and  RWQCB. 

7.  Page  G-1,  paragraph  2.  The  Davis  site  is  a  State  Lead  site.  The  EPA  will  not 
make  the  final  determination  of  ARARs,  as  specified. 

Response: 

This  paragraph  has  been  changed  to  reflect  that  the  final  determination  of 
ARARs  will  be  made  by  the  California  Envvottinental  Protection  Agency 
(Cal/EPA).  This  char  •  is  presented  on  page  G-1.  All  other  references  to 
"EPA"  in  the  appendb  ve  been  changed  to  "Cal/EPA." 

8.  Page  1*1.  If  SVE  is  viable  for  the  interval  betweea  40  feet  bgs  and  the  lowest 
(summer)  seasonal  water  table,  a  section  shouM  be  added  to  discuss  the 
advantages  and  disadvantages. 

Response: 

SVE  is  not  an  effective  solution  at  this  time  for  the  "zone  of  seasonal  water 
table  fluctuation."  A  section  has  been  added  to  the  end  of  Appendix  I  that 
describes  why  it  is  not  an  effective  solution.  Dual-phase  extraction  may  be  the 
best  method  for  removing  contamination  from  this  zone.  Appendix  O  describes 
dual-phase  extraction  iti  detail. 
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9. 


Figure  J>19.  AG  pumping  Diamond  •  Deflne  a  time  period  (i.e.  2*3  weeks). 
Adjust  Q  Box  •  It  may  not  be  necessary  to  adjust  "all"  weil(s).  The  logic  for  the 
two  "Adjust  Target  Area"  Diamonds  is  not  clear.  What  is  the  difference  between 
the  McAFB  adjust  treatment  box  and  the  previous  adjust  treatment  decision 
diamond  and  why  does  the  McAFB  adjust  treatment  box  lead  into  another 
adjust  treatment  diamond?  The  "No"  direction  "clean*up  criteria  met?" 
diamond,  should  flow  to  ail  three  decisions,  "adjust  target  area?",  "adjust 
treatment?"  and  "adjust  monitoring  frequency?".  After  the  first  quarter,  how 
often  will  influent  be  sampled? 

Response: 

The  figure  and  text  have  been  revised  to  respond  to  this  comment. 

10.  Page  L*4.  Gas  Phase  Carbon  Adsoiption.  The  Department  recommends 
further  discussion  of  the  non*regenerative  carbon  DREs,  as  well  as  advantages 
and  disadvantages.  As  described  on  page  L>14,  the  Department  would  like 
McAFB  to  consider  that  the  vinyl  chloride  (and  probably  methane) 
concentrations  will  drop  rapidly  after  operation  of  an  SVE  system  •  reference 
OU-D  SVE  at  McAFB.  A  small  temporary  CatOx  unit  may  be  adequate  for 
initial  operation.  After  vinyl  diloride  and  methane  concentrations  drop,  the 
carbon  units  would  be  effectii«  in  controlling  off-gas  emissions  and  cheaper  to 
operate  and  maintain. 

Response: 

Given  that  the  concentration  of  vinyl  chloride  is  relatively  low  to  begin  with,  its 
concentration  can  be  expected  to  decrease  within  a  short  time  after 
implementation  of  the  SVE  system. 

Methane  was  detected  in  only  one  well,  but  its  concentration  was  so  high 
compared  to  the  rest  of  the  contaminants  (e.g.,  30,000  times  higher  than  that  of 
vinyl  chloride).  Therefore,  unlike  vinyl  chloride,  it  is  difficult  to  assume  that  its 
presence  will  disappear  in  a  short  time  after  operation  of  the  SVE  system.  This 
is  why  adsorption  technologies  were  rated  so  low  in  the  DRE  category. 
However,  as  stated  in  the  report,  if  methane  emissions  are  acceptable  to 
regulatory  agencies,  they  could  be  given  a  much  higher  rank  in  the  DRE 
category. 

11.  Page  L«5.  Operation  data  at  McAFB  indicate  that  the  Purus  Padre  system 
does,  in  fact,  "capture"  vinyl  chloride. 

Response: 

Yes.  The  operation  data  at  McQellan  AFB  indicate  that  vinyl  chloride  is 
reasonably  adsorbed  by  the  Purus  PADRE  system.  Up  to  apprcndmately 
71  percent  DRE  has  been  observed  so  far  with  respect  to  vinyl  chloride. 
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12.  Page  L-8.  Screening  Methodologies.  Provide  a  more  complete  description  of 
bow  the  ranking  was  completed.  In  Table  Lr3  the  Operational  Costs:  Carbon 
Adsorption  s  4  (21,500);  CatOx  s  10  (28,000).  Capital  Costs:  Carbon  =■  10 
(19,800);  CatOx  =  3  (67,000).  The  Department  would  suggest  that  if  the 
Carbon  Operational  rank  is  4,  yet  it  is  less  expensive  than  CatOx,  how  can 
CatOx  receive  a  10?  If  Carbon  had  a  ranking  of  10,  carbon  and  CatOx  would 
rank  equally. 

Response: 

Carbon  and  CatOx  should  have  been  ranked  nearly  equally.  This  change  has 
been  incorporated  along  with  other  changes.  The  way  the  ranks  were  given  is 
that  typically  the  option  that  ranked  the  most  favorable  against  a  criterion  was 
given  the  highest  rank.  The  rest  of  the  options  were  then  ranked  relative  to  the 
highest  ranking  option.  For  example,  the  capital  ojst  ($19,800)  of  the  carbon 
system  was  assessed  to  be  the  lowest  among  all  the  other  options.  So,  it  was 
given  the  highest  rank  of  10.  The  capital  cost  of  the  CatOx  system  was  assessed 
to  be  approximately  three  times  that  of  the  carbon  system  and  therefore  was 
given  a  rank  of  3  in  the  same  category. 

Similarly,  in  the  operating  cost  category,  the  carbcm  system  should  have  been 
given  a  score  of  10  since  it  was  assessed  to  have  the  lowest  operating  cost.  On 
the  basis  of  the  relative  increase  in  operating  cosa  for  the  other  options,  their 
ranks  should  have  been  proportionately  decreased  to  the  following:  3,  8,  and,  3 
for  electron  beam,  CatOix,  and  PADRE  technologies,  respectively. 

13.  Page  LrlO,  Table  L-2.  CatOx.  To  ensure  accande  ca|Htal  cost,  ensure  that  a 
natural  gas  line  hook  up  is  included  in  the  cosL  It  is  possible  that  the  site  does 
not  have  natural  gas  run  to  the  site. 

Response: 

Refer  to  the  response  to  Specific  Comment  19  for  Volume  I  of  III. 

14.  Page  L>11,  Table  L-3.  The  weighted  rank  scores  for  Carbon’s  Status 
Development,  Feed  Variability  and  Problem  Compounds,  should  be  corrected. 
The  Weighted  Total  score  is  735,  unless  the  raaldac  ^  Operating  costs  are  ns 
evaluated  (see  above  comment.) 

Response: 

The  ranks  given  to  the  options  for  the  "openitiag  costs"  category  have  been 
revised.  However,  the  ranks  for  the  other  cat^oties  have  not  been  changed. 
Changing  the  rank  for  carbon  technology  with  respect  to  the  problem 
compounds  was  considered,  but  not  changed.  This  is  because  it  was  thought 
that  the  concentration  of  methane  is  extremely  high  to  assume  that  it  will 
decrease  in  a  short  time  after  implementing  the  SVE  operations.  Carbon  is  not 


RDDI0013l7D.WfS 


RC.26 


an  effective  method  to  control  methane  emissions;  therefore,  the  rank  assigned 
to  carbon  under  this  category  was  not  changed. 

15.  Page  L*13,  paragraph  3.  Paragraph  3  states  that  given  the  low  concentrations 
of  contaminants,  CatOx  treatment  is  a  "gross  waste  of  energy.^"  and 
recommends  another  treatment  technology.  In  Recommendations  and 
Conclusions  the  only  option  for  offgas  treatment  (SVE  and  groundwater)  is 
CatOx.  The  Department  staff  recognizes  the  need  to  acknowledge  the  apparent 
contradiction  but  suggests  toning  down  the  statement  in  paragraph  3. 

Response; 

Although  the  operating  costs  for  catalytic  oxidation  systems  is  one  of  the  lowest 
among  the  technologies  evaluated,  its  relative  consumption  of  energy  at  the  site 
for  treating  a  gas  stream  with  a  low  contaminant  concentration  and  high  flow 
rate  is  relatively  high. 

16.  Page  M-2,  paragraph  2.  Groundwater  Flows  Clarily  the  first  sentence.  It  is 
unclear  what  is  meant  by  "...they  will  add  insufficient  difficulties  to  the 
treatment  capabilities." 

Response; 

The  first  sentence  of  paragraph  2  under  Groundwater  Flows  has  been  revised  as 
follows: 


"Since  the  contaminant  concentrations  in  the  D  and  E  aquirers  are 
minimal,  they  will  not  significantly  increase  the  effort  needed  to 
remediate  the  B  and  C  aquifers." 

17.  Page  0*1,  paragraph  1.  Edit.  It  is  assumed  that  the  "intermittent  capillary 
zone"  refers  to  the  "fine  grained  soil  wifiiin.^"  and  not  to  the  Davis  Site. 

Response: 

The  "intermittant  capillary  zone"  refers  to  the  zone  from  approximately  40  to 
70  feet  bgs.  The  first  paragraph  in  Appendix  O  has  been  revised  as  follows: 

"DuaUphase  extraction  has  been  proposed  as  a  method  of  removing 
volatile  contaminants  that  may  be  present  in  fine-grained  soil  within  a 
zone  of  seasonal  water  table  fluctuation  at  the  Davis  Globa! 
Communications  Site  (Davis  Site).  This  zone  of  fine-grained  soil  occurs 
from  a  depth  of  approximately  40  feet  to  approximately  70  feet  below 
ground  surface  (bgs)  and  consists  predominately  of  silty  lean  to  fat  clays. 
As  described  in  Chapter  3  of  the  Remedial  Investigation/Feasibility  Study 
(RI/FS)  report,  the  fluctuation  occurs  as  a  result  of  regional  pumping  in 
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the  summer,  countered  by  seasonal  rechai^  in  the  winter.  In  this 
appendix,  this  zone  is  referred  to  as  the  intermittent  capillary  zone." 


Mark  D.  Vest,  R.G. 

Associate  Engineering  Geologist 
Base  Closure  Branch 
Department  of  Toxic  Substances  Control 


General  Comments 

1.  No  "fatal  flaws"  were  identified. 

2.  To  support  design,  construction,  and  testing  of  a  groond  water  containment  and 
extraction  system,  certain  maps  and  cross>sectioas  should  be  amended  to  better 
illustrate  that  a  sound  understanding  of  the  distribution  of  subsurface  sedi* 
ments  and  contaminants  has  been  achieved. 

Response: 

Major  revisions  have  been  made  to  the  cross  sections  presented  in  Chapters  3 
and  4. 

3.  Tabular  summaries  of  analytical  data  should  be  provided  to  support  the  illus¬ 
trated  distribution  of  contamination. 

Response: 

Analytical  data  have  been  presented  on  time  concentration  plots  and  in 
Appendix  U.  Appendix  U  data  will  be  provided  to  McQellan  AFB  in  Excel 
format. 

4.  As  per  the  California  Business  and  Professions  Code,  a  sign-off  should  be  pro¬ 
vided  by  California  registered  geologist  indicatug  reqioasiMiity  for  all  geologic 
content  of  Report. 

Response: 

The  report  will  be  stamped  by  a  California  registered  geologist. 

Executive  Summary 

5.  The  Report  states  (p.  ill)  ”. . .  this  report  does  not  ■*fmiT  hydrocarbon  contam¬ 
ination  as  a  portion  of  the  remedial  action.* 
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Recommendation:  The  Contractor  should  discuss  any  likely  effects  on  opera* 
tion  of  a  ground  water  extraction  and  treatment  system  resulting  from  diesel 
constituents  inadvertently  recovered  with  volatile  contaminants. 

Response: 

On  the  basis  of  historical  water  quality  results,  TPH-diesel  constituents  have  not 
been  detected  at  a  regular  frequency  at  the  Davis  Site.  Benzene  and  toluene 
have  been  detected  in  samples  from  B  aquifer  monitoring  wells.  However, 
because  the  frequency  and  concentrations  of  TPH  and  BTEX  constituents  in 
groundwater  are  low,  treatment  system  operation  should  not  be  effected. 

6.  (Editorial)  The  Report  states  (p.  iv)  "Groundwater  modeling  results  were  per¬ 
formed  to  verify  .  .  .  ."  It  is  not  clear  what  is  meant  by,  "results  were 
performed". 

Response: 

Sampling  of  groundwater  from  monitoring  wells  at  the  Davis  Site  is  performed 
by  Radian  Corporation  on  a  quarterly  basis.  This  RI/FS  Report  includes  data 
collected  through  July  1993.  lliese  data  are  used  as  the  basis  for  the  findings 
and  recommendations  presented  in  this  report,  including  development  of  mass 
estimates,  target  areas  and  volumes,  and  groundwater  modeling. 

7.  Also  on  page  iv,  the  Report  mentions  ground  water  analytical  data  that  became 
available  relatively  late  in  the  report  preparation  period. 

Recommendations: 

a.  Ongoing  collection  and  interpretatiiNi  of  data  should  be  anticij^ted. 

b.  Summary  tables,  graphs,  maps  and  cross  sections  should  be  developed 
with  space  resmred  to  add  late  breaking  data. 

c.  The  actual  insertion  of  late  breaking  dam  into  tables  and  graphics  can 
be  performed  by  the  Contractor  or  by  users  of  the  documents. 

Response: 

The  executive  summary  text  has  been  changed  accordingly.  Data  through  the 
July  1993  sampling  have  been  incorporated  into  this  report.  Space  will  be 
reserved  on  the  new  time  concentration  plots  for  the  plotting  of  additional  data. 
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Chapter  1,  Introduction 

8.  On  page  1*1,  the  Report  discusses  ground  water  coataminant  data  that  became 
available  relatively  late  during  preparation  of  the  Report  The  Report  states 
"These  data  were  incorporated  into  site  cross  sections  .  .  .  and  into  the  site 
groundwater  modeling  in  Appendix  J.  Groundwater  modeling  was  performed  to 
verify  that  July  1993  data  do  not  signifleandjr  impact  the  recommendations 
provided  in  this  report" 

Recommendations: 

a.  Refer  to  comment  7,  above. 

b.  The  Report  should  briefly  specify  what  additjonal  gnmnd  water  modeling 
was  performed  using  the  July  data. 

Response: 

a.  See  response  to  Comment  7. 

b.  The  text  was  revised  to  read  as  follows: 

Groundwater  modeling  was  performed  to  verify  extraction  well  place¬ 
ment  extraction  rates,  and  capture  zones  for  the  recommended  remedial 
action.  Groundwater  modeling  results  are  presented  in  Appendix  J. 

9.  On  page  1-2,  the  Report  further  discusses  sepaming  remcdiatMn  of  the  zone  of 
diesel  contamination  from  the  VOC  remediatim. 

Recommendation:  Refer  to  comment  5,  above.  The  Contractor  should  decide  if 
diesel  constituents  are  likely  to  effect  extractioa  or  treatment  system  operation. 

Response: 

On  the  basis  of  historical  water  quality  results,  TPH-dicsel  constituents  have  not 
been  detected  at  a  regular  frequency  at  the  Davis  Site.  Benzene  and  toluene 
have  been  detected  in  samples  from  B  aquMicr  momtoring  wells.  However, 
because  the  frequency  and  concentrations  of  TFH  and  BTEX  constituents  in 
groundwater  are  low,  treatment  system  operatioa  should  not  be  effected. 

10.  (editorial)  Page  1-4  states  The  Davis  Site  coarists  of  the  fenced,  Main 
Compound  Area  (approximately  8  acres),  rammanication  antennas,  and 
undeveloped  grasslands  (as  shown  in  Figure  l-Z}”.  Except  for  the  fenced  com¬ 
pound  area,  the  figure  does  not  show  these  feataaes. 

Recommendation:  The  text  and/or  figure  shaaii  he  “witw*****  ts  be  consistent 
with  one  another. 
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Response: 

The  Davis  Site  is  an  annex  of  McClellan  AFB  in  Sacramento,  located  approxi¬ 
mately  4  miles  south  of  the  City  of  Davis  (as  shown  in  Figure  1-1). 

11.  Page  1-8  provides  three  criterion  that  were  used  to  develop  contaminants  of 
concern  (COCs).  Table  1-1,  Contaminants  of  Concern,  lists  the  COCs. 

Recommendation:  The  table  should  be  amended  to  include  an  additional 
column  specifying  wliich  criteria  from  page  1-8  led  to  inclusion  of  each  com¬ 
pound  in  the  list  of  COCs. 

Response: 

The  comment  column  in  the  table  has  been  modified  so  that  the  specific  criteria 
that  make  a  contaminant  a  COC  are  explicitly  stated. 

12.  A  note  at  the  base  of  Table  1-1  identifies  a  criterion  to  identify  a  "contaminant 
of  potential  concern". 

Recommendation:  Hie  Report  should  discuss  the  significance  of  the  note  and 
contaminants  of  potential  concern. 

Response: 

The  note  at  the  end  of  the  table  is  not  needed  and  has  been  deleted. 

Chapter  2,  Field  Investigation  Activities 

13.  Page  2-8,  Table  2-2,  Weil  Construction  Data. 

Recommendations: 

a.  An  amended  version  of  the  table  should  be  provided  as  part  of  Appendix 
S,  Well  Construction  Data.  In  addition  to  the  information  provided  on 
Table  2-2,  the  amended  table  should  include  well  location,  borehole  dia¬ 
meter,  total  depth,  drilling  method,  filter  pack  size  gradation  and  inter¬ 
val,  and  surface  completion  type. 

b.  MWD-2  snould  be  listed  with  the  C  Aquifer  wells.  A  foot  note  should 
provided  to  explain  the  MWD  label.  Alternatively,  MWD-2  could 
renamed  MWC-2  with  a  foot  note  reminding  readers  of  the  former  label. 
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Response: 

a.  The  amended  table  is  included  as  an  addendum  to  Appendix  S  in  the 
Draft  Final  report  and  will  be  included  at  the  beginning  of  Appendix  S  in 
the  Final  report. 

b.  It  will  be  noted  that  MWD-2  is  actually  a  C  aquifer  well;  however,  the 
actual  well  name  will  remain  the  same. 

14.  Figure  2*1,  Flow  Chart  of  Field  Activities.  While  not  really  a  flow  chart,  the 
figure  is  a  clear  and  useful  illustraticn  of  the  general  history  of  site  investiga¬ 
tion  activities. 

Response: 

The  text  and  title  have  been  changed  to  "Chronology  of  Field  Activities." 

Chapter  3,  Hydrogeologic  Conditions 

15.  Page  3*2  identifies  five  stratigraphic  zones-A,  B,  C,  D,  and  E.  The  Report  states 
The  five  zones  extend  to  a  depth  of  245  feet  below  the  site  and  apply  only  to  t.'te 
vicinity  of  the  fenced  compound."  It  is  not  clear  what  is  meant  by  "apply  only 
to  the  vicinity  of  the  fenced  compound". 

Recommendation:  Definition  of  site  hydrostratigraphy  should,  at  a  minimum, 
encompass  all  areas  of  ground  water  contamination,  as  well  as  backgroupd  and 
reinjection  areas. 

Response: 

The  text  was  revised  as  follows: 

The  stratigraphy  underlying  the  site  has  been  divnded  Into  five  zones -A, 
B,  C,  D,  and  E.  These  zones  are  made  up  of  coarse-grained  and  fine¬ 
grained  materials.  For  convenience  in  discussion,  the  terms  "B,"  "C,"  "D," 
and  "E"  aquifer  have  been  retained  and  apply  to  the  permeable  units 
within  each  specific  zone.  The  five  zones  extend  to  a  depth  of  approxi¬ 
mately  245  feet  below  the  site.  While  the  depth  and  thickness  of  all 
zones  varies  within  the  area  of  contamination,  stratigraphic  borings  indi¬ 
cate  that  generally  these  zones  exist  as  they  have  been  shown  in  the  cross 
sections  in  Chapter  4.  The  conceptual  cross  section  shown  in  Figure  3-2 
indicates  the  location  of  these  zones  beneath  the  site. 

16.  (editorial)  The  use  of  "ranges"  on  page  3-2  to  specify  depth  intervals  should  be 
replaced  by  occurs  or  extends.  Ranges  suggests  fluctuation  or  variation.  For 
example,  "llie  transmissivity  values  range  flam  100  to  1000  ft^/day  across  the 
site"  (page  J-17). 
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Response: 


The  word  ranges  was  replaced  with  the  word  extends. 

17.  Figure  3*2,  Davis  Site  Conceptual  Site  Cross  Section,  and  Figure  3-3, 
Generalized  Site  Cross  Section  from  MWD>19  to  CH-4,  could  be  illustrations  of 
two  different  sites. 

Recommendation:  The  conceptual  model  and  generalized  cross  section  should 
be  more  consistent  with  one  another. 

Response: 

Figure  3-2  was  revised  using  portions  of  Cross  Sections  C-C\  E-E’, 

and  F-F’,  so  that  it  would  bear  a  closer  resemblance  to  actual  site  conditions. 
Figure  3-3  was  also  slightly  revised. 

18.  Pages  3*10  to  3*1S  provide  an  effective  discas^a  and  presentation  of  ground 
water  elevations,  gradients  and  fluctuations  that  occurred  betv/een  July  1992 
and  July  1993. 

Recommendations: 

a.  The  discussion  and  graphics  should  be  amended  to  evaluate  available 
historic  elevation  and  gradient  date  for  consistency  with  the  trends 
clearly  identified  in  the  Report. 

b.  In  addition  to  the  MW3  well  cluster,  verticai  gradients  should  be  calcu* 
lated  for  well  clusters  across  the  site. 

Response: 

a.  Historical  groundwater  elevation  data  will  be  reviewed,  and  a  discussion 
of  the  results  of  that  evaluation  will  be  provided  in  the  Final  report.  The 
evaluation  will  consist  of  calculating  historical  gradients  and  flow 
directions  and  checking  to  identify  tf  any  changes  have  occurred  over 
time. 

b.  Vertical  gradients  for  additional  well  clusters  will  be  provided  in  the  Final 
report. 

Chapter  4,  Nature  and  Extent  of  Contamination 

19.  Figure  4»1,  Site  Base  Map;  Figure  4- la,  B  md  C  Aquifer  Target  Areas;  and 
Figure  4*  lb,  D  and  E  Aquifer  Target  Areas.  These  maps  provide  the  only  plan 
view  of  the  distribution  of  ground  water  coniminatiott  in  die  Report. 
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Recommendations: 


a.  Summary  tables  of  SCOCs  detected  in  each  well  should  be  provided. 
For  each  well,  and  each  sampling  event,  the  tables  should  illustrate  dates 
of  sampling  and  concentrations  of  SCOCs  detected  (or  not  sampled,  or 
not  detected). 

b.  Concentration  contour  maps  illustrating  historic  contaminant  distribu¬ 
tions  should  be  compiled  as  an  appe:ndix. 

c.  All  of  the  target  areas  and  concentration  contours  should  be  amended  to 
reflect  recently  obtained  data. 

d.  As  discussed  above,  additional  maps  should  be  provided  so  upcoming 
water  quality  data  can  be  easily  evaluated  when  made  available. 

e.  The  figures  should  be  amended  to  specify  sampling  dates  associated  with 
the  data  that  are  contoured. 


f.  The  B  Aquifer  5  /ig/1  TCE  contour  should  be  illustrated. 

g.  Additional  discussion  regarding  determination  of  the  E  Aquifer  target 
area  is  warranted. 

Response; 

a.  See  response  to  Comment  6,  Volume  II  of  III.  from  Mark  Malinowski. 

b.  Time  concentration  plots  for  each  well  will  be  substituted  for  concentra¬ 

tion  contour  maps  for  each  sampling  event  (consensus  established  during 
the  January  5,  1994,  teleconference  with  DTSC  and  McClellan  AFB). 

c.  All  of  the  target  areas  have  been  amended  to  reflect  July  1993  data. 

d.  Time  concentration  plots  vill  be  produced  with  additional  space  left  on 

the  time  axis  for  the  addition  of  new  data. 


e.  Figures  4- la  through  4- Id  have  been  changed  to  leflect  current  data. 

f.  Tps  5-ppb  TCE  contour  is  noted  on  Figure  4- la. 

g.  The  text  has  been  revised  as  follo-ws: 


The  E  aquifer  target  area  is  based  on  water  quality  results  from  MWE-3, 
MWE-21,  and  M>^  c-22.  Sampling  results  from  the  E  aquifer  monitoring  wells 
indicate  that  volatile  organic  compound  (VOC)  concentrations  are  below  the 
allowable  MCL 
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20.  Figure  4-2a,  Vadose  Zone  Target  Area. 

Recommendation:  Concentration  contours  should  be  developed  to  illustrate  the 
distribution  of  contamination  at  several  depths  in  the  vadose  zone. 

Response; 

Additional  figures  (overlays)  have  been  added  to  show  concentration  contours  at 
5-,  10-  20-,  and  30-foot  depths. 

-Ik 

21.  Figure  4-7,  Davis  Site  Conceptual  Model,  illustrates  an  interpretation  of  the 
distribution  of  subsurface  materials  that  is  significantly  different  than  the  dis¬ 
tribution  illustrated  on  Cross  Sections  A-A'  through  J-J'. 

^  «  Recommendation:  The  cross  sections  and  figure  should  be  amended  to  be  con¬ 
sistent  with  one  another. 

Response: 

Figure  4-7  was  revised  using  portions  of  Cross  Sections  A-A’,B-B’,  C-C’,  E-E’, 
and  F-F’,  so  that  it  would  bear  a  closer  resemblance  to  actual  site  conditions. 

22.  Cross  Sections  A-A'  through  J-J'  should  provide  a  detailed  and  accurate  illus¬ 
tration  of  subsurface  materials  and  properties  that  were  measured  (or  observed) 
during  the  site  investigation.  The  cross  sections  should  also  present  the 
Contractor’s  reasonable  interpretation  of  the  overall  distribution  of  subsurface 
materials  and  contamination  at  the  site. 

Recommendations: 

a.  The  cross  sections  should  be  reviewed  and  approved  by  a  California 
registered  geologist. 

b.  The  proportions  and  extent  of  course  and  fine  grained  sediments  does 
not  appear  reasonable  and  should  be  reevaluated.  Based  on  the  draw¬ 
ings,  it  appears  that  site  borings  intercepted  a  very  high  percentage  of 
discrete  coarse  grained  units. 

c.  Assuming  that  eveiy  cross  section  is  bounded  on  all  four  sides  Iqr  "fin- 
grained  material"  is  not  a  reasonable  interpretation  and  should  be 
reevaluated. 

d.  Assuming  that  contamination  detected  in  monitoring  wdls  is  as 
restricted  as  illustrated  is  unreasonable. 

e.  Intersections  of  cross  sections  should  be  checked  and  amended  where 
inconsistencies  are  found.  Examples  of  items  requiring  amendment 
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include:  thickness  of  aquifers  and  aquitards  (off  by  factors  of  greater 
than  two);  missing  aquifers;  and  presence  aai  thickness  of  "course¬ 
grained  materials",  "estimated  VOC  grou»*''*w«Br  amtamination"  and 
"estimated  vadose  zone  VOC  contamination". 

f.  Depths  below  ground  surface  should  not  be  aesadve. 

g.  Changing  spacing  between  wells  and/or  borafs  and  projecting  wells 
and/or  borings  should  be  cautiously  applied. 

Response: 

Cross  sections  were  revised  to  include  the  following  changes: 

a.  Reviewed  and  approved  by  a  California  CE.G. 

b.  Coarse-grained  units  now  display  linmed  lateral  continuity,  as 
expected  in  a  channel  deposit.  Predoanmant  channel  flow  direc¬ 
tion  given  in  site  map  for  Figures  3-2  and  4-7. 

c.  See  Comment  b  above. 

d.  Contamination  has  been  extended  throo^amt  screened  interval  of 
well. 

e.  Inconsistencies  have  been  corrected. 

f.  Depths  are  now  positive. 

g.  We  have  added  "projection  lines"  to  bdp  alert  the  reader  to 
changes  caused  by  projecting  wells  and  borings  in  the  cross 
sections. 

Chapter  6,  Feasibility  Study 

23.  On  page  6-8,  when  discussing  the  B,  C,  D,  and  E  a^/mkn,  the  Repoct  states 
"The  units  are  not  laterally  continuous  across  tfK  site;,  bat  generally  are 
separated  by  finer-grained  aquitards.”  The  Report  is  wfcfring  to  the  A*B,  B-C, 
C-D  and  D-E  aquitards.  The  description  is  not  enmirtrai  with  the  conceptual 
model  presented  earlier  in  the  Report  or  the  compnaer  anidel  nsed  to  evaluate 
aquifer  test  data.  The  conceptual  model  presents  fht  D  and  E  aqnifers  as 
laterally  continuous  across  the  site.  The  aquitards  ane  presented  as  generally 
dampening  vertical  (low  between  the  aquifer  zones.  Additionany,  comparison  of 
water  level  hydrographs  illustrating  seasonal  data  finm  groups  of  wells  indicates 
that  each  aquifer  zone  is  more  laterally  interconnected  than  verticaliy  connected 
with  other  zones.  The  B  and  C  zones  do  aot  follow  this  pottem. 
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Recommendation:  The  text  or  the  conceptual  model  should  be  amended. 

Response: 

The  following  sentence  was  deleted: 

'The  units  are  not  laterally  continuous  across  the  site,  but  generally  are 
separated  by  finer-grained  aquitard". 

24.  Page  6*18  refers  to  Appendix  J,  Groundwater  Extraction  Evaluation,  for  discus¬ 
sion  and  description  of  water  level  monitoring  to  check  for  hydraulic  control 
during  treatment  system  operation.  Appendix  J  proposes  using  strategically 
selected  pairs  of  wells  to  monitor  gradients. 

Recommendation:  Initially,  water  levels  should  be  measured  in  all  site  ground 
water  wells  and  piezometers  and  ground  vater  elevation  contour  maps  should 
be  prepared  to  evaluate  hydraulic  gradients  relative  to  contaminant  distribu¬ 
tions. 

Response: 

The  use  oi  well  pairs  for  horizontal  and  vertical  gradient  determination  allows 
for  measurement  of  capture  in  specific  directions.  It  is  agreed  that  all  wells 
should  be  measured  and  respective  contours  should  be  drawn  for  each  respec¬ 
tive  aquifer. 

25.  Page  6-33  states  "If  the  transmissivities  are  lower  than  the  ranges  cited  in  the 
table,  additional  extraction  w.lls  may  be  needed  to  attain  capture."  Table  6-12 
repeats  the  uncertainty.  Table  6-13  applies  a  contingency  cost  to  the 
uncertainty. 

Recommendation:  The  concern  should  be  further  discussed  in  the  Report 
Holding  other  parameters  omstant,  a  lower  transmissivity  will  produce  a  more 
extensive  capture  zone. 

Response: 

The  second  paragraph  in  Section  6.5. 1.1  (Aquifer  Properties)  has  been  modified 
to  read: 

"....If  the  transmissivities  are  lower  than  the  ranges  cited  in  the  table,  additional 
extraction  wells  may  be  needed  to  attain  groundwater  capture.  This  is  because 
the  areal  extent  of  capture  from  a  single  well  decreases  with  decreasing 
transmissivity  (Freeze  &  Cherry,  1979)." 
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26.  Page  6-36  states  "If  storativity  values  fall  beKw  tlie  ranges  cited,  additional 
extraction  wells  may  be  needed,  or  cleanup  times  may  be  longer  than  expected." 
Table  6-2  repeats  the  uncertainty.  Table  6-13  applies  a  contingency  cost  to  the 
uncertainty. 

Recommendation:  The  concern  should  be  further  discassed  in  the  Report.  The 
coefficient  of  storage  is  the  volume  of  water  produced  divided  by  the  change  in 
head  and  area.  Upon  achieving  some  sort  of  steady  state,  drawdown  ceases  and 
the  coefficient  of  storage  becomes  relatively  unimportant.  However,  during 
initial  pumping,  a  lower  coefficient  of  storage  will  result  in  less  water  produced 
for  a  given  decrease  in  head. 

Response: 

The  following  language  has  been  added  to  the  third  paragraph  in  Section  6.5. 1.1: 

”...  Storativity  is  the  volume  of  water  that  an  aquifer  releases  from  storage 
per  unit  surface  area  of  aquifer  per  unit  decline  in  hydraulic  head.  At 
steady-state,  drawdown  ceases,  and  the  storativity  becomes  relatively 
unimportant.  However,  groundwater  modeling  for  the  Davis  Site  indi¬ 
cates  that  steady-state  will  not  be  achieved  during  groundwater  extraction 
for  a  long  time  period  (>  10  years).  Therefore,  storativity  is  a  significant 
aquifer  property  that  will  impact  groundwater  remedial  actions.” 

27.  Page  6-36  states  "If  the  actual  vertical  permeabilities  are  lower  than  those  cited, 
additional  extraction  wells  may  be  needed.'Tabie  6-2  repeats  this  uncertainty. 
Table  6-13  applies  a  contingency  cost  to  the  uncertaiaty. 

Recommendation:  This  concern  should  also  be  fiiiliMr  discassed  in  the  report. 
If  vertical  permeabilities  are  decreased,  les:->  water  will  be  contributed  from 
above  and  ‘jeiuw  a  given  aquifer  zone  and  extraction  finm  the  zone  will  be  more 
effective. 

Response: 

The  concern  is  true  that  less  water  will  be  contributed  from  above  and  below  a 
given  aquifer  zone.  This  means  that  a  longer  groundwater  pumping  time  wall  be 
needed  to  remove  contamination  from  the  aquitards.  The  referenced  sentence 
has  been  changed  as  follows: 

"If  the  actual  permeabilities  are  lower  than  those  cited,  additional  extrac¬ 
tion  time  may  be  needed  to  remove  contaimaation  from  the  aquitards." 

28.  Page  6-36  identifies  uncertainties  associated  with  gron^  water  gradients  and 
notes  that  gradients  vary  from  year  to  year  while  the  Report  focuses  on  gra¬ 
dients  repre>:eDting  1992-1993. 
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Recommendation:  As  mentioned  in  Comment  18,  above,  it  may  be  prudent  to 
evaluate  available  historical  gradient  data  to  determine  if  the  1992-1993  trends 
and  ranges  are  typical  of  available  site  data. 

Response: 

See  response  to  Comment  I8a. 
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DEPARTMENT  OF  THE  AIR  FORCE 
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SM-ALC/JAV 

Draft  RI/FS,  Cavla  Slta 
SK-ALC/EKR 

1.  I  liave  revlewe:!  ths  draft  Remedial  Iavestiqatie&/FeaaiblIltY  Study 
Report  far  ths  Davia  alts.  I  have  no  legal  objection  to  release  of  the 
document.  My  few  comments  follow. 

2.  My  principal  concern  with  this  exhaustive  anti  well-written  report  is 
that  it  falls  to  reflect  ths  unique  position  of  tisc  Air  Force  as  the  lead 
agency  In  our  cleanup.  I  believe  the  authors  have  used  a  plug-in  approach 
for  many  of  these  chapters,  utilizing  discussions  from  other,  previously 
written  products.  This  is  not  inappropriate,  and  I  have  no  objection  to 
it.  It  la  apparent,  however,  that  EPA  was  neually  the  lead  agency  for 
these  earlier  efforts,  and  the  discussions  when  applied  to  our  cleanup  need 
to  be  fine-tuned.  I  will  illustrate  several  exaaples. 

a.  Volume  1,  Executive  Sumaary.  p  vill,  2d  full  paragraphi  The 
remedial  action  will  be  selected  by  KcCl  .lian.  sad  imst  meet  approval  by 
EPA,  DTSC,  and'RWQCE. 

b.  Volume  ZI,  Appendix  C,  p  C>i,  lat  full  paragraph  under  'Ceacrlptlon 
of  ARARS":  Final  determination  of  ARARS  la  made  by  not  EPA. 

c.  In  the  very  next  paragraph,  it  states  that  *E7A  may  use  ...”  It 
should  read  "the  Air  Force  may  use  ...” 

d.  At  p  G-2,  2d  paragraphi  The  second  seateacc  states  that  ARARS  muat 
be  timely  identified  to  EFA.  It  should  read  that  they  must  be  identified 
to  the  Air  Force. 

My  review  may  not  have  found  all  the  Inatanoes  wtare  the  authera  have 
untbinXlngly  operated  frost  the  assumption  that  EPA  is  the  lead  agency.  We 
should  be  careful  to  correct  any  such  instances. 

3.  Volusie  I,  p  7-3,  Table  7-1;  For  the  contaolaant  metbyi  Isetoutyl 
ketone,  thd  3d  colusui  falls  to  list  a  potential  reaedlal  approach,  which  1 
assume  should  be  ground  water  extraction. 

i.  VolusM  II,  Appendix  C.  p  G-ll,  2d  full  paragraph:  This  diaeuaalon 
refers  to  a  pomlt  Issued  to  our  ground  water  treatment  pleat.  It  ehould 
note  thet  the  permit  was  not  renewed  due  to  our  CZBClA  psrsiit  exemption  for 
on-Blte  actlvitlea.  Thus,  while  the  permit  ttaalf  is  net  an  ARAS.  the 
effluent  levels  referred  to  In  the  inactive  permit  may  reflect  anbatantive 
requirementa  with  whlota  tbs  Air  Force  must  comply. 
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5.  Appendix  G,  p  G-16,  Table  G-^.  Ite«  16;  The  cite  to  20  C?R  1910.120 
should  instead  by  29  CFS  1910.120. 

6.  Appendix  C.  p  G-25,  top  2  paraaraphs:  I  do  not  recognize  the  citations 
that  begin  with  ”R  18-S":  I  believe  the  correct  citations  are  to  40  CFR. 

7.  Volnne  IX,  Appendix  X,  p  K>11  (Table  X>1),  alddle  coluoin,  bottom  tier: 
It  states  here  that  "all  necessary  permits  should  also  be  obtainable."  Ho 
permits  would  ba  required  for  this  on  site  blovsatinq,  and  this  reference 
should  be  removed, 

HASTIN  KECK 
Envlroiuaeatal  Counsel 
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DRAFT  COPY,  REMEDIAL  INVESTIGATION/FEASIBIUTY  STUDY  REPORT,  DAVIS 
GLOBAL  COMMUNICA  TIONS  SITE,  MC  CLELLAN  AIR  FORCE  BASE 


Thatik  you  for  the  opportunity  to  review  the  subject  report.  Our  comments  are  as  follows; 

A.  Volume  1 

1.  Target  Area  for  C  Aquifer.  Figure  4- la  shows  the  target  area  for  groond  water  remediation 
based  on  data  collected  from  monitor  wells  prior  to  Mardt  1993.  The  additional  ground 
water  sampling  and  analysis  on  samples  collected  since  dm  nme  shows  the  target  zone 
should  be  expanded  farther  to  the  south.  Monitor  well  PC-21  which  is  depicted  as  the  outer 
boundary  of  tite  target  area  was  found  to  have  132  ng/l  TCE  Using  this  data,  the  target 
zone  for  the  C  aquifer  would  be  expanded  significantly  and  the  calculated  mass  estimate  will 
be  much  greater.  The  mass  calculations  and  the  target  zones  should  be  reevaluated. 

The  new  ground  water  dau  was  used  to  determine  if  the  proposed  extraction  rates  and  zones 
of  capture  would  be  sufficient  to  capmre  the  extent  of  conomination.  To  do  this,  the  new 
target  zone  would  have  to  have  been  developed.  This  new  zone  should  be  presented  in  the 
draft  final  version  of  the  report. 

2.  The  Target  Area  for  the  D  Aquifer.  The  comment  for  the  C  Aquifer  Target  Area  applies  in 
general  to  that  depicted  for  the  D  Aquifer  on  Figure  4-lb.  The  ground  water  concentration 
i.socontours  should  be  reconfigured  after  adding  the  data  fiora  the  ground  water  sample 
collected  from  the  D  zone  during  the  drilling  of  MWE-21.  This  data  will  yield  a  greater 
volume  and  mass  of  contaminants  than  that  calculated  for  the  report. 

3.  Vadose  Zone  Target  Area.  Though  staff  agrees  generally  with  the  defined  target  zone,  we 
believe  that  the  data  presented  in  the  cross-sections  depicts  the  possibility  of  a  greater  target 
volume  at  depth  than  that  shown  on  Figure  4-2a.  The  shaflow  soil  gas  sampling  is  likely  not 
sufficient  to  define  the  extent  of  soil  gas  contamination  at  depth.  As  part  of  the  last  phase  of 
Remedial  Investigation  field  work,  some  borings  and  assodaeed  soil  gas  sampling  should  be 
included.  These  borings  could  be  convened  to  soil  gas  raomuxlextraokm  wells  as 
necessary.  If  they  are  converted  to  monitor  wells  they  wB  be  usehii  in  detennining  the  zone 
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of  capture  of  the  .soil  gas  extraction  system.  This  point  was  discussed  in  your  office  during 
the  last  several  weeks. 

4.  Section  4.2.2,  Mass  of  Contamination.  The  mass  of  contaminants  in  the  ground  water 
should  be  calculated  using  all  the  available  data.  See  comments  1  and  2.  above. 

5.  Figure  4-6a.  The  inert  figure  should  also  show  the  lines  for  TCE  and  t-l,2-DCE. 

6.  Figure  4-16.  Similar  to  the  other  cross-sections,  the  vadose  zone  contamination  should  be 
depicted  if  sufficient  data  is  available  completed  monitor  wells?  The  results  from  these 
wells,  sampled  in  July  1993,  should  be  added  to  the  report. 

7.  Page  6-6,  first  paragraph.  It  is  stated  that  there  should  be  no  need  to  install  additional  wells 
for  monitoring  purposes.  As  stated  above,  staff  is  not  of  the  opinion  that  tlie  extent  of 
deeper  contamination  in  the  soil  gas  has  been  determined.  In  addition,  there  may  need  to  be 
additional  monitor  wells  to  determine  the  effective  radius  of  capture  of  the  extraction  system. 


8.  Figure  6-5.  Tne  extraction  wells  for  the  D  aquifer  should  be  moved  as  discussed  during  our 
recent  teleconference. 

9.  Table  7-1.  It  is  listed  in  this  table  that  the  semivolatile  organic  contaminants  will  be 
potentially  remediated  at  the  site  by  bioventing,  has  this  method  been  shown  effective  on 
the  semivolatile  contaminants? 

10.  Chapter  7,  Conclusions.  Conclusions  should  be  revised  based  on  the  above  comments. 

B.  Volume  2 

I.  Appendix  F.  Data  from  the  newly  installed  ground  water  monitor  wells  should  be  iix;iuded 
in  this  appendix  to  show  ground  water  contaminant  contours  and  development  of  mass 
estimates.  The  latest  data  may  alter  the  presented  values  to  some  extent. 

2.  Appendix  F,  figure  F(a)-1.  With  the  presented  data  for  concentrations  in  the  C  Aquifer,  the 
C  Aquifer  target  area  appears  to  extend  to  far  to  the  northwest.  The  same  thing  can  be  said 
for  tte  D  Aquifer  target  volume  as  delineated  in  Figure  F(a)-2. 

3.  Appendix  F,  page  F-23.  It  is  stated  that  in  the  conclusions  that  the  extent  of  contamination 
in  the  vadose  zone  is  based  on  the  results  of  the  shallow  soil  gas  survey.  Those  results  may 
not  be  indicative  of  the  contamination  at  depth.  The  target  area  needs  further  definition  with 
deeper  soil  gas  sampling. 

4.  Appendix  F.  Pages  F-22  through  F-24  are  repeated  as  F-26  tltrough  F-28. 

5.  Appendix  F,  page  F~29.  It  is  stated  that  the  oi^anic  fraction  value  used  in  the  analyses  was 
basol  on  sample  mults  atxl  is  considered  a  fair  representation  of  the  site  values.  Only  one 
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sample  was  analyzed  for  organic  carbon  content.  It  may  or  may  not  be  representative  of  the 
site,  but  is  better  than  using  a  book  value. 

6.  Appendix  G,  page  G-10,  sixth  paragraph.  The  Basin  Plan  for  the  Central  Valley  Region 
establishes  the  beneficial  uses  of  specific  water  bodies  within  our  region.  The  Inland  Surface 
Waters  Plan  establishes  water  quality  objectives  for  receiving  waters  to  protect  aquatic  life 
and  sources  of  drinking  water  from  various  pollutants. 

7.  Appendix  G,  paragraph  2.  The  permit  for  the  discharge  from  the  Ground  Water  Treatment 
Plant  at  McClellan  AFB  is  not  an  ARAR  for  the  Davis  Transmitter  Site.  It  is.  however,  an 
example  of  the  limitations  that  might  be  placed  on  a  similar  discharge  from  the  a  Davis  site 
ground  water  extraction  and  treatment  discharge.  The  regulations  used  to  develop  the 
McClellan  AFB  permit  would  be  the  same  as  those  that  would  be  applied  to  the  Davis  site. 

8.  Table  G-6.  This  table  of  ARARs  should  include  the  California  Water  Code  for  discharge  of 
wastewater  effluent  from  the  treatment  plant.  Cleanup  values  for  the  vadose  zone  and 
ground  water  must  comply  with  SWRCB  Resolution  68-16  as  an  ARAR,  with  Resolution  92- 
49  as  a  TBC.  Chapter  15  does  not  apply  to  the  discharge  from  the  treatment  plant  to  a 
surface  water. 

9.  Appendix  G,  page  G-30,  fu'st  paragraph.  Cleanup  of  soils  and  ground  water  to  background 
concentrations,  unless  proven  technically  and  economically  infeasible,  is  required  in 
Resolution  68-16  and  Title  23,  Division  3,  Chapter  15. 

10.  Appendix  J,  Figure  J-19.  The  first  decision  diamond  on  the  right-side  of  the  flow  diagram 
does  not  have  a  "Yes"  path  associated  with  it.  Two  other  decision  diamonds  have  two 
arrows  leading  from  them  but  only  the  "no"  path  is  delineated. 

The  first  box  on  the  right  side  states  that  the  extraction  wells  should  be  each  sample  and 
composited.  Why  not  just  sample  the  influent  to  the  treatment  system  to  determine  mass 
loading  to  the  treatment  system.  A  certain  frequency  of  sampling  the  individual  extraction 
wells  for  separate  analysis  should  also  be  postulated. 

11.  Appendix  M,  Costs  for  treatment  options.  The  section  was  improved  over  the  working  copy. 
Some  minor  changes  are  still  needed  as  follows: 

a.  Labor  costs  for  GAC  are  twice  as  high  as  those  for  the  other  treatment  options  even 
with  the  same  number  of  hours. 

b.  Why  is  the  cost  of  additional  labor  more  for  TVl  GAC  than  for  TV2  even  though  the 
same  number  of  hours  are  required? 

c.  Why  are  there  twice  as  many  samples  for  TV2  as  TVl? 

d.  Table  M(a)-7.  The  O&M  costs  listed  for  GAC  TV2  appear  to  be  in  error. 
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Please  use  these  comments  during  development  of  the  draft  final  version  of  the  report.  If  you  have 
any  comments  regarding  this  matter,  please  call  me  at  (916)  255-3025. 


ALEXANDER  MACDONALD 
Project  Engineer 

cc:  Mr.  Mark  Malinowski,  Dept,  of  Toxic  Substances  Control.  Sacramento 

Mr.  Gerald  Vogt,  CH,M-Hill,  Redding 
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ARTMENT  OF  TOXIC  SUBSTANCES  CONTROL 

Kw  jN  1 

IQ131  CHOYDOn  WAT.  sum  3 
5ACRAMINTO.  CA  >5«ar-2'04 

(916)  255-3717 

nec ember  15,  1953 


Mr.  J«rry  Styles 
SM-ALC/KMR 

5050  Dudlsy  Boulevard,  Suite  3 
McClellan  AFB,  California  95652-103S 

Dear  Mr.  styles: 

Sncloaed  are  the  Departaent  of  Toylc  Substancss  Control's 
(Department)  comicanta  on  the  Cavia  Global  Cotgaucications  Site 
(Davia  Site)  Draft  Remedial  Inveatigation/Peaaihiiity  Study 
Report  (RI/FS  Report),  dated  November  i,  1993.  The  comments  have 
been  coordinated  with  the  Central  Valley  Regional  Water  Quality 
Control  Board. 


Also  enclosed  are  the  Department's  conaanta  on  the  Davia 
Site  Draft  Rislc  Assessment. 

All  comments  should  be  responded  to  on  a  peint-by-point 
basis  and  added  as  an  appendix  to  the  appropriate  doousent. 

If  you  \av<a  any  questions  or  comments  regerdln?  this  matter, 
please  contact  me  at  (91<)  255-3717. 


sincerely, 


<v^-Mar)c  Mal^npweki 

Associatle  knqlneering  Geologist 
Site  Hlrigation  Branch 


Enclosures 

cc:  Mr.  Alex  Kecoonald 

Central  Valley  Regional  Water 
Quality  Control  Board 
3443  Routier  Road,  Suita  A 
Sacrananto,  California  95827-3098 

Mr .  Tom  To 

Olractor  of  Environmental  Health 
Yolo  County  Environmental  Health  Services 
10  Cottonwood  Street 
Woodland,  California  95695 
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Departmsnt  of  Toxic  Substances  Control's  Consents 
on  the  Davis  Sits  Draft 

Remedial  Investiqation/Feasibility  Study  Report 
dated  Hoveober  1,  1993 


Velim*  Z  of  IZX 

1.  Tha  report  is  well  written  and  organized.  The  groundwater 
mass  and  volumes  should  be  updated  to  include  the  most 
recent  groundwater  sampling  data. 

2.  Given  the  screen  interval,  monitoring  veil  KHD~2  should  be 
re-labeled  as  Mirc-2. 

3.  When  metric  weights  (kg)  are  provided,  also  include  the  U.S. 
customary  weights  (pounds  or  otmoss) , 

4.  The  monitor  well  Concentration  versus  Tine  plots  should  use 
a  log  scale  along  tha  concentration  axis.  The  log  scale 
provides  better  resolution  at  low  concentrations. 


ggaaanj: 

Specify  the  vadose  zone  '^objectives. " 

cosolusloae  The  Executive  Sumsary 
Conclusions  should  summarise  the  short 
narratives  pressntsd  in  Chapter  7  (e.g., 
vadose  zone  eontaainatlon  will  continue  to 
oontaminate  groundwater  If  action  is  not 
taken.  VOC  contamination  continues  to  spreed 
dotmward  and  outward.  SVS  would  reduce  VOC 
maas  in  the  vwloae  rone  adequately  and 
prevent  continued  contamination  of  the 
groundwater.  Groundveter  containiaent 
systems  would  Inhibit  off-site  migration  of 
groundwater. ) 

eleesarr  of  Tezms  Please  define  the 
following:  anaerobic  dehalegeaatiom  - 
halogen,  biofcrsasfozmetioa  -  chlorinated 
slaphltio. 


Boeclfie Conmenta 
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1.  iil  4 

2.  Vili 


3.  XVii 
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Canment: 


23.  6-li  6. 2. 4. 3  Includo  a  paragraph  dascrihing  the  need  to 

drill  exploratory  holes  to  ensure  reinjection 
is  viable  {technically,  i.e. ,  aquifer 
capability,  regulatory  t-e.,  groundwater 
quality  between  injected  water  and  aquifer 
water. ) 

23.  6-35  Table  6-12  The  Target  Area*  shoula  be  volunes. 

Estimates  for  groundwater  should  be  provided 
in  some  measure  appropriate  for  water  (Q.g. 
gallons  or  acre  fee.)  The  Vadess  Zone  Target 
Area  (Volune)  should  be  in  cubic  feet. 

24.  Mass  of  contamination  la  underestimated  due 

to  a  lack  of  understanding/measuring 
contaminant  adsorption  to  eolls. 

25.  6-39  Table  6-14  Include  the  costa  for  capturing  contamination 

that  exceeds  10  *  risk. 

76.  7-2  7.3  1  Include  the  State  of  California's  Non- 

Degradation  requirements  In  this  section  as  a 
reason  for  taking  action. 

27.  7-2  7.5  Include  additional  "deep*  moil  gas  sampling. 


Yoluae  IZ  of  ZZZ 


1.  3-2  Provide  a  map  showing  the  five  SVMWe  and  nine 

piezometers  locations.  Specify  the  dates  of 
the  testa  and  the  most  recent  rainfall  event 
and  amount  of  preoipitation. 

2.  Fig  B-2  The  response  of  the  SVWfs  and  pissometers  are 

suspiciously  sistched  to  the  barometric 
pressure.  Can  you  provide  any  Insight  to  the 
correlation?  The  data  for  the  air 
permeability  tests  at  CX— 1  and  5  do  not 
appear  to  correlate  as  closely. 

3.  8-17  1  Is  It  possible  that  the  biological  activity 

(no  measured  oxygen)  caused  the  positive 
pressure  observed  in  the  ca-5  well? 
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Pg  Sec  Pgph 


4  . 


5. 


6. 


7  . 


1-4  1.2  3 


1-4  1.3.1 


4-3  4.2 


4-3  4.2.1 


The  reference  to  Piguro  1-3  as  a  "tiaelina 
Cor  remadlal  Invastigativa  activit-ias**  is  not 
accurate,  ric^ura  1-3  indicate*  only  the 
contractora  who  worked  on  the  site,  not  the 
work  performed.  Is  Figure  1-3  missing 
verbiage  on  the  right  hand  side  that  would 
indicate  the  contractor's  efforts?  (a.g. , 
Klainf elder  -  UST  investigation. «  ITC  -  RI 
work  -  detenaina  extent  of  groundwater 
contamination. ,  Radian  -  guarterly 
groundwater  saapling.,  etc.)  Radian  did 
perform  some  groundwater  sampling  in  1988. 

Include  the  main  objective  of  the  RI;  gather 
enough  information  to  be  able  to  conduct  a 
feasibility  study,  perfocB  a  remedial  design 
and  imp lament  a  clean-up  action. 

The  contaminant  mass  estimates  and  target 
volumes  should  be  revised  based  on  the  moat 
recent  sampling  results. 

Selection  of  Target  Areas  should  include 
estimated  groundwater  target  volumes  (total 
gallons)  for  each  zona.  Groundwater  volumes 
for  non-deteet,  MCL  and  10'^  rlak  boundaries 
should  be  presented  (Table  format  would 
probably  be  best.) 


8  . 


9. 


rig.  4-6  (a-h)  The  Department  recommends  using  e  log  scale 
for  ths  oonoentration  plots.  Plots  for  all 
the  monitoring  wells  at  the  alts  should  be 
Included  as  an  appendix. 


Fig.  4-9  Intersection  identified  as  G-O*  should  be 

H-H* .  Contamination  (red)  should  be  depleted 
in  PC-21,  and  extended  from  HWB-3  to  KWS-22. 
Contamination  should  be  illustrated 
throughout  (vertically)  the  aquifer  that  is 
screened  (aee  HMO-3) .  Conteminetion  should 
be  shown  ecross  the  screened  eeotion  of  MNC- 
3.  Sxplein  the  contamination  indicated 
between  MHC-3  and  HHO-3. 


10.  Fig.  4-10  Indicate  the  B-H*  cross  section  intersection. 

rw-lC  hes  been  RD  in  7/93  end  10/93. 
Contamination  should  not  be  shown  in  the  C 
zone  In  this  cross  section. 


IX.  Pig.  4-11 


Contamination  should  be  shown  in  MWZ-22. 
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Comment 


12.  Fig.  4-12 

13.  Fig.  4-13 

14.  Fig.  4-14 

15.  Fig.  4-16 


16.  Fig.  4-17 


Provide  the  eanpling  remilta  for  MWC-1  and 

MWD-l. 

Sampling  raaulta  from  7/93  for  EW-IC  and  MWT3- 
2  do  not  support  the  contamination  depicted 
in  the  c  aquifer.  The  contmuination  in  the  B 
zona  should  extend  east,  past  MHB-13. 

Provide  the  sampling  results  for  MWC-4. 

droundwater  contamination  should  be  depicted 
southwest  past  £W-3C  (B  zone),  and  MWD-10  (D 
zone)  ,  and  northeast  past  MH-6  (B  zone)  .  As 
previously  stated,  the  C  zone  saxBpIing  data 
do  not  support  the  contamination  depicted. 

It  appears  that  contamination  is  migrating 
downward,  from  the  B  to  ths  c,  near  the 
MW(X)-3  cluetar.  Include  the  7/93  data  for 
MW2-3. 

Contamination  should  be  depicted  in  the  B 
Zone . 


17.  5-5  5.3  The  "clean-up  levels"  for  groundwater  are 

actually  "targets  levels."  This  section 
should  indicate  that  the  FS  evaluates  the 
cost  to  cleaii-up  groundwater  to  bacJcground, 
MCX.a  and  10'*  risk. 

18.  6-6  1  Additional  soil  gas  monitoring/extraction 

walla  should  be  considered  to  evaluate  the 
subsurface  zone  that  is  saturated  in  the 
winter,  but  dewatered  in  the  sumiMr. 


19.  6-6  6. 2. 3. 2  Does  the  site  have  a  natural  gas  line?  If 

not,  have  the  additional  costs  to  install  a 
gas  line  been  incorporated  into  the  CatOx 
cost  evaluation? 


20.  6-8  6.2,4  The  FS  should  use  the  target  volumes 

generated  in  Chapter  4,  and  evaluate  the  cost 
to  clean-up  groundwater  to  background,  NCLs 
and  10'*  risk.  Use  of  the  term  Target  Volume 
for  groundwater  is  inaccurate  since  no 
volumes  are  presented 

21.  6-9  Fig.  6-5  The  figure  should  ue  revised  to  indicate  the 

location  of  the  extraction  wells  based  on  the 
tfovQober,  1993  teleconference  between  CH2H 
Hill,  McAFB,  the  RtfQCB  end  DTSC. 
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|^«conmandations  are  not  supplied.  Are 
additional  SVE  wells  needed?  Will  additional 
testing  be  needed  prior  to  inetelling  svc 
wells?  Will  the  existing  wells  be  adequate 
for  perforsung  3V£  or  should  larger  diasetcr 
wells  be  installed?  Should  air  peraeability 
tests  be  conducted  in  the  euamer  and  winter 
to  evaluate  the  lapact  of  soil  aoisture  and 
level  of  groundwater?  would  soil  noisture 
profiles  be  helpful  in  evaluating  the  air 
permeability  results?  Will  larger  diaaeter 
aVE  wells  have  any  significant  effect  on  the 
radius  of  influence? 

rield  ixploratioa  Have  owls  been  observed  in 
the  soli  piles?  The  data  for  saoplee  froa 
the  northern  and  eastern  soil  piles  could  not 
be  found  in  Table  u~l. 

Provide  ccncentratiori  plots  for  all  wells. 

Use  the  aame  scale  (log)  for  all  the  wells. 
Provide  tables,  like  J>i,  for  all  the 
sampling  apisoaee.  Inolude  groundwater 
elevations  and  detection  limits. 

The  Oavis  site  is  a  state  Lead  site.  The  SPA 
will  net  make  the  final  determination  of 
AKAPs,  as  specified. 

I'f  SVE  is  viable  for  the  interval  between  40 
feat  bge  and  the  loweet  (summer)  seasonal 
water  table,  a  section  should  be  added  to 
discuss  the  advantages  and  disadvantages. 

AC  pumping  Diamond  >  Define  e  time  period 
(i.e.  2-3  weeks).  Adjust  Q  BOK  -  It  may  not 
be  necessary  to  adjust  "all*  well(s).  Ths 
logic  for  the  two  "Adjust  Target  Area" 
Diamonds  is  not  elsar.  What  is  the 
difference  between  the  MeAFB  adjust  trsatmsnt 
box  and  the  previous  adjust  treatment 
decision  diamond  and  why  does  the  HcAFB 
adjust  traatment  box  lead  into  another  adjust 
trsatmcnt  diamond?  The  "No*  direction 
*olean-up  criteria  met?”  dlamondi  should  flow 
to  all  three  deciaione,  "adjust  target 
area?",  "adjust  treetmeat?”  and  "adjust 
monitoring  frequency?*.  After  the  first 
quarter,  how  often  will  Influent  be  sampled? 
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10.  1,-4  <3a*  Phaao  Carbon  Adsorption.  The  Department 

recoBunendfl  further  discussion  of  the  non- 
ragenarative  carbon  DP?S,  as  well  aa 
advantages  and  d.lsadvaj* leges.  As  desorlbed 
on  page  L-14,  the  Dapar'^SMt  would  like  McAfB 
to  consider  that  the  vinyl  chloride  (and 
probably  methane)  ooncentratlons  will  drop 
rapidly  after  operation  of  am  SVZ  systan  - 
reference  OU-D  SVE  at  MCAFB.  A  small 
temporary  Catox  unit  may  be  adeqxiace  for 
initial  operation.  After  vinyl  chloride  and 
methane  concentrations  drop,  the  carbon  units 
would  be  effective  in  controlling  off-gas 
emissions  and  cheaper  to  operate  and 
ma:Lntain. 

11.  L-s  Operation  data  at  HcAFB  indicate  that  tlie 

Purus  Padre  system  does,  in  fact,  "capture” 
vinyl  chloride. 

12.  L-8  Screening  Methodologiee.  Provide  a  more 

complete  description  of  bow  the  ranxing  was 
completed.  In  Table  1.-3  the  Operational 
Costs:  Carbon  Adsorption  *  4  (21,S00) ;  CatOx 
10  (28,000).  Capital  Coets:  Carbon  «  10 
(19,300):  Catox  <■  3  (67,000).  The  Department 
would  suggest  that  if  the  Carbon  Operational 
rank  is  4,  ye.t  it  is  less  expensive  than 
Catox,  how  can  catox  receive  a  10?  If  Carbon 
had  a  ranking  of  lo,  carbon  and  Catox  would 
rank  equally. 

13.  L-10  Table  L-2  CatOx.  To  enaure  accurate  capital  cost, 

ensure  that  a  natural  gas  line  hook  up  is 
included  in  the  coat.  It  is  poeeible  that 
the  site  dees  not  have  natural  gas  run  to  the 
site. 

14.  L-Il  Table  L-3  The  weighted  rank  scoree  for  Carbon's  Statue 

Development,  Peed  Variability  and  Problem 
Compounds,  should  bs  eorrseted.  The  Weighted 
TotsI  Boore  is  735,  unlees  the  ranking  for 
Operating  costs  are  rs-evslusted  (see  above 
comment.) 
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Paragraph  3  that  givan  the  low 

concantrations  of  contaminants,  catox 
traataant  la  a  "gross  wasta  of  anargy. and 
racoomanda  another  treatnant  technology.  In 
Raeommandatioma  aad  Coaelttsloas  the  only 
option  for  off-gas  traataant  (SV£  and 
groundwater)  is  CatOx.  The  Department  staff 
recognizes  the  need  to  aoXnovladga  the 
apparent  contradiction  but  suggests  toning 
down  the  statement  in  paragraph  3. 

arouadwatar  Pleva  Clarify  tha  first 
sentence.  It  ia  unolaar  what  la  meant  by  "... 
they  will  add  Inaufflciant  dlfficultlaa  to 
tha  treatment  capebilitiaa." 

Hdlt.  It  ia  assumed  that  tha  "Intaxmlttant 
capillary  zone"  refers  to  ths  "fine  grained 
soil  within..."  and  not  to  the  Davis  Sitr.. 
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MEMORANDUM 


TO: 


PROM  t 


DATS: 


SUBJECT : 


Mark-  Maiinawaki 

Aaaociata  Engineering  Geologiat 
Si-ft  Mitiga-ion  Branch 

Marx  D.  Vest,  R.G. 

AaaociaCe  Engineering  Geologiat 
Baae  Closure  Branch 


DRAFT,  December  15,  1393 

Davis  Global  Communications  Site,  Draft  Remedial 
Investigacion/Feaaibilicy  Study  Report,  November 
1993 


In  response  to  your  request,  i  have  reviewad  hydrogeologic 
aspects  o£  r.he  Draft  Remedial  InvestiqatiorVPeaaibilltiv  Study  for 
the  Pavia  Global  Communicationa.  Site  (Report) .  The  November  1993 
Report  was  prepared  by  CH2M  HILL  (Contractor)  for  the  'J.  S.  Air 
Force.  The  following  comments  and  recommendations  are  based  on 
my  review  of  the  Report  and  are  provided  for  your  information  and 
use . 

COM.MENTS  AND  RECOMMENDATIONS 
General 

1.  No  "fatal  flaws"  were  identified. 

2.  To  support  design,  construction,  and  testing  of  a  ground 
water  containment  and  extraction  system,  certain  maps  and 
cross-sections  should  be  amended  to  better  illustrate  that  a 
sound  understanding  of  the  distribution  of  subsurface 
sediments  and  contaminants  has  been  achieved. 

3  .  Tabular  summaries  of  analytical  data  should  be  provided  to 
support  the  illustrated  distribution  of  contamination. 

4.  Aa  per  the  California  Business  and  Professions  Code,  a  sign- 
off  should  be  provided  by  California  registered  geologist 
indicating  reaponeibllity  for  all  geologic  concent  of 
Report . 
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Exacucivs  Sur.ffiary 

3.  Tha  Repcrc  scacaa  (p.  ill)  “...rhis  report  iloaa  not  address 
hydrocarbon  contanlnaclcn  as  a  portion  oJ!  tha  remedial 
action." 

Recommendaticn 

the  CoriLractor  should  diacuaa  any  liXaly  effects  on 
cpsrauton  of  a  ground  water  extraction  and  treatment  system 
rssul:i.~,g  from  diesel  constituents  inadvartantly  racovarad 
with  vc:lat,;.le  contaminants. 

6.  (Editorial)  The  Report  states  'p.iv)  "Groundwater  modeling 
results  were  performed  to  v^erify .  . .  . It  la  not  clear  what 
ia  meant  by,  "results  were  performed* . 

Also  on  page  Iv,  the  Repovt  mentions  ground  water  analytical 
data  that  became  availahla  relatively  late  in  tha  report 
preparation  period. 

Recommendation 

a.  Ungoing  collection  and  interprit  -  , ion  of  data  should  be 
anticipated  > 

b.  .Summary  tables,  graphs,  maps  and  cross  sactlona  should 
ba  developed  with  apace  raaerved  to  add  late  breaking 
data. 

c.  The  actual  ioeartion  of  lace  breaking  data  Into  tablas 
and  graphics  can  be  parfonted  by  the  Contraetor  or  by 
users  of  the  doeumencs. 

Chapter  1 ,  Introduction 

9.  On  page  l-l.  the  R  >ort  discusses  ground  water  contemlnent 
data  chat  became  available  relatively  late  during 
preparation  of  the  Report.  Tha  Report  states  "These  data 
were  incorporated  into  site  cross  sections...  and  into  tha 
sice  groundwater  nodeling  in  Appendix  J.  Groundwater 
modeling  was  performed  to  verify  that  July  1991  data  do  not 
significantly  impact  the  recommend at ions  provided,  in  this 
report . • 

Recommendet ions 

a.  Refer  to  eoaseenc  7.  above. 
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b.  The  Report  should  briefly  specify  whac  additional 
gro'und  water  tticdeilng  was  performed  using  r.he  July 
data. 

9.  Cn  page  i-J,  the  Report  further  discusses  separaeicg 
remediatior.  of  the  zone  of  dteeel  cor.cimlaeticn  Cron  tbs  VOC 
reiTiediatior.. 

Recommendation 

Refer  io  comment  £,  above.  The  Contractor  should  decide  i£ 
diesel  constituents  are  likely  to  effect  extraction  or 
treatment  aystem  operation, 

10.  (editorial)  Page  1-4  sLatea  The  Davis  Site  consists  cf.  the 
fenced,  Main  Compound  Area  (approximately  3  acres), 
cominu.’iicat  ion  antennas,  and  ur.developed  grasslands  (as  shown 
in  Figure  1-2;".  Except  for  the  fenced  coepeund  area,  the 
figure  does  not  shew  these  features. 

Recommendac ion 

The  text  and/or  figure  should  be  amended  to  be  consistent 
with  one  another. 

11.  Page  1-3  provldee  three  criterion  that  were  ue«d  to  develop 
contaminants  of  concern  (COCa) .  Tabla  1*1,  Cooteninants  of 
Concern,  lists  ths  COCa. 

Recommenda  1 1 on 

The  table  should  be  amended  to  include  an  additional  column 
spscifylng  which  criteria  from  page  1-8  led  to  inclusion  of 
each  compound  in  the  list  of  COCs. 

13.  A  note  at  the  base  of  Table  1-1  Identifies  s  criterion  to 
identify  a  contaminant  cf  potential  concern*. 

Recommendec ion 

The  Report  should  dlacuea  the  significaaea  of  th«  note  and 
contaminants  of  potential  concern. 
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Chapter  2,  Field  Inv«rigjition  Activiclaa 

13.  Page  2-e,  Table  2-2,  Well  Conasructicn  Data. 

Recornmendaelsns 

a.  An  anendad  vareicn  ot,  the  cable  should  be  provided  a* 
part  oi  Appendix  .3,  Well  Conatructloa  Data.  In 
addition  to  the  information  provided  on  TlJole  2-2,  the 
amended  cable  should  include  well  location,  borehole 
diameter,  total  depth,  drilling  method,  filter  pacic 
size  gradatioc  and  intex'/al ,  and  surface  coopletion 
type. 

b.  MWD-2  ahouid  be  iiscsd  with  the  C  Aguifer  wells.  A 
foot  note  should  be  provided  to  explain  the  MND  label. 
Alternatively,  MW0>2  could  be  renamed  t4ffC-2  with  a  foot 
note  reminding  readers  of  the  former  label. 

14.  Figure  2-i,  Plow  Chart  of  Field  Activities.  While  not 
really  a  Clow  chart,  the  figure  is  a  clear  and  useful 
illuRcration  of  the  general  hiatory  of  eite  investigation 
activities. 

Chapter  3.  Kydrogaologie  Conditions 

15.  Page  3-2  identlflee  five  stratigraphic  xoaes-A,  3,  C,  3,  and 
E.  The  Report  stacee  -‘The  five  zone#  extead  to  a  depth  of 
243  feet  below  the  s'lte  and  apply  only  to  the  vicinity  of 
r.he  fenced  compound.  '  It  ia  not  clear  what  ie  meant  by 
‘apply  only  to  the  vtcinlty  of  the  fenced  eoiqpouad* . 

Reeofnmtndet  ion 

Definition  of  eite  hydroetratlgraphy  should,  at  a  Minimum, 
encompass  all  areas  of  ground  water  contasdoaCion,  as  well 
as  background  and  reinjection  areas. 

16.  {editorial)  ‘The  uee  of  "ranges"  ua  page  3-2  to  specify  depth 
intervals  e.iould  be  replaced  by  occurs  or  extends.  Ranges 
suggests  fluetuscion  or  vsriaCion.  For  example.  "The 
tranamiseivlty  values  range  from  100  to  1000  ftVdey  across 
the  sice*  (page  J*17> . 

17.  Figure  3-2,  Cavia  Sice  Conceptual  Site  Cross  Seetioa,  and 
Figure  3*3,  Seneralized  Site  Croes  Section  from  MWO-19  to 
CIl-4,  could  be  illuacratione  of  two  different  sices. 
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Recommendat ion 

The  concepr.ual  model  and  generalized  cro»*  eecsion  ahculd  be 
more  conalBCer.c  with  one  another. 

la.  pages  3-10  to  .3-lS  provide  an  affective  dlecaeeion  and 
preaentetion  of  ground  water  elevations,  gcadieata  and 
fluctuaciona  that  cccurred  between  July  1952  and  July  1993.. 

Reconmetidaclona 

a.  The  dlflcuasion  and  graphics  should  be  aneoded  t.o 

evaluate  availabla  historic  elevation  and  gradient  data 
for  consistency  with  the  trende  clearly  iduncifted  in 
cne  .Report. 

b-  In  addition  to  the  MKR  well  cluster,  vertical  gradients 
should  b«  calculated  Cor  well  cluster*  ecros*  eh«  aits. 

Chapter  4,  Mature  and  Extent  ct  Contamination 

19.  Ftg-ure  4-1,  Site  Base  Map;  Figure  4-la,  3  ard  C  Attuxzer 

Target  .kreas,-  and  Figure  4-ib,  0  and  £  A<p;d.fcr  Target  Areas. 
These  raps  provide  the  only  plan  view  of  tie  distribution  of 
greund  waiter  contamination  ir.  the  Report. 

Rscommendat lens 

a.  Summary  tables  oi  SCOCs  detected  in  esch  wsXI  should  be 
provided.  For  each  well,  and  each  sas^ling  even.,  the 
taDl«:  should  illustrate  daces  of  ssaplieg  and 
concentration^  of  SCOCs  detected  (or  set  sampled,  or 
not  detseted) . 

b.  Concentration  contour  slaps  11  luscratisg  historic 
contaminant  distributions  should  be  coaptled  as  an 
appendix. 

c.  All  of  the  target  areas  and  concsntraCioa  coneoturs 
should  be  amended  to  ref  lent  recentlT  obtained  data. 

d.  Ac  discussed  above,  additional  maps  Aosld  be  provided 
so  upcoming  water  duality  data  can  he  easily  evaluated 
when  made  avsllable. 

e.  The  figures  should  be  amended  lu  specify  sasiQllag  dates 
assoc  laced  with  the  data  that  are  caocowed. 

C.  The  a  Agulfer  9  ug/L  TCS  contour  etaoeld  be  illuatratsd. 
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c.  Adclicicnal  dlscjeeiorv  regarding  dsterminaclon  of  th«  z 
A<TJifer  cargac  area  la  warranted. 

20.  Figure  4-ia,  Vadaae  Zcna  Target  Area. 

Recommendation 

Concent ret ion  contours  tnould  be  developed  to  illustrate  the 
distribution,  ot  contamination  at  several  depths  in  the 
vadoae  rone . 

31.  Figure  -i-'/,  Davie  Sita  Ccocapiual  Model,  illuatrates  an 
interpretation  of  the  atribution  of  aubaurface  materiala 
that  is  i.lgnilicar.uly  different  than  the  discrtbutior. 
Illustrated  on  Cross  Sactions  A-A‘  through  J-J' . 

Recommendation 

The  crnaa  sections  and  figure  should  be^  amended  to  be 
consistent  with  one  another. 

32.  Cross  Sections  A-A'  through  J-J'  should  provide  a  decailsd 
and  accurate  Illustration  of  suhaurface  materlala  and 
properties  that  were  measured  <or  observed)  during  the  Site 
investigation.  The  cross  sectlona  should  also  present  Che 
Contractor's  reasonabl*  interpretation  of  the  overall 
distribution  of  subsurface  tr.acerials  and  contamination  at 
the  site. 

Recommendations 

a.  The  ci'oss  sections  s'-muld  be  reviewed  and  approved  by  a 
California  registered  geologist. 

h.  The  proportiona  and  extent  of  coerae  and  fine  grained 
aedimanca  doaa  not  appear  reasonable  and  should  be 
reevaluated.  Based  on  the  drawi.ngs,  it  appears  that 
site  borings  intercepted  a  very  high  percentage  of 
discrace  coarse  grained  units. 

c.  Assuming  that  every  cxoee  section  is  bounded  on  all 
four  sides  by  "fine-grained  material*  ie  not  a 
reasonable  interpretation  and  should  be  reevaluated. 

d.  Aeuuining  that  ocntaminatton  detected  in  monitoring 
wells  ts  as  restricted  ee  illustrated  is  unreasonable. 

e.  laterscccious  of  arose  seecione  should  ba  ahee':ad  and 
amended  where  ineenslscenciee  are  found.  Examples  of 
itsbs  requiring  amendment  Include:  thiekneea  of 
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aquifers  and  aquitardj  '.cff  by  factor*  of  greater  than 
tv;oK'  ftiaslng  aquifers;  and  presence  and  thtcknaea  of 
"caarse-grained  ractariala”,  "eatlrr.acsd  VOC  qrcur.d%'acer' 
ccntaminaciori'’ ,  ana  "eatimacs'  vadds#  zona  VCC 
cantaminat ion" . 

f.  Depths  below  ground  curface  should  not  be  negative. 

g.  Changl.ng  spaclrg  between  welLe  and/or  borings  and 
proiectinq  wells  and/or  bcrings  ahould  btf  cautiously 
applied . 

Chapter  6,  Feasibility  Study 

23.  Cr.  page  6-9,  when  dlacuasing  Che  9,  C,  D,  and  B  aquifers, 
the  Report  states  The  units  are  net  laterally  continuoue 
across  the  sice,  but  generally  ate  separated  by  finer- 
grained  aqulcards."  The  Racort  is  referring  to  the  A-B,  B- 
C,  C-D  and  D-2  aquitards.  The  deecrtetien  is  not  consistent 
with  Che  oonceptuAl  tnodel  presented  earlier  in  the  Report  or 
the  computer  model  used  to  evaluate  iqulfsr  test  data.  The 
conceptual  model  preaencs  the  D  and  E  aquifers  as  laterally 
continuous  across  the  site.  The  aquicarda  are  preee.ited, as 
generally  dampening  vertical  flow  between  the  aquifer  zones. 
Additionally,  comparison  of  water  level  hydrographa 
i 1 luacracing  seasonal  data  iron  groups  of  wells  indicate* 
chat  each  aquifer  zone  1*  more  lacerally  inter  connected  than 
vertically  connected  with  ether  rone*.  The  B  and  C  zonae  do 
not  follow  this  pattern. 

Recommendation 

The  text  or  the  conceptual  .?xidel  should  be  amended. 

■ii  .  rage  S-IS  refers  to  Appendix  J,  Grour»dwater  Extraction 

Evaluation,  for  dlscusuior.  and  description  of  water  level 
((lor.icor ing  to  c-tecK  tor  hydraulic  cotitro.l  during  treatment 
uyatara  operacton.  Appendix  J  preposee  using  strategically 
ftelecced  pairs  of  weile  to  monitor  gradients. 

RsconvTter.daclon 

Initially,  water  lavela  should  be  m«a«ui-ed  in  all  eite 
ground  water  walls  end  piezometer*  and  ground  water 
elevation  contour  maps  shoulc.  be  prepared  to  evaluate 
hydraulic  gradients  relative  to  contaminant  distributiona . 

?.A  .  Page  6-31  state*  "If  the  cransmlseivicias  are  lower  chan 
rhe  ranges  cited  In  the  table,  additional  extraction  wells 
may  be  needed  to  attain  capture.*  Table  S-12  repeats  the 


91(3 


910<i  LZ60J>36  O:  I  SOlDil/OSid  «0!i  «VU 

N0U«a0iS3a 'WbsaeoairiNB  sket 


■W  £6-02  21 

C6^TE/2I 


hSa-ON 


yar/<  Malinowalci 

C^AFT,  3«c«(nfiar  IS,  1992 

Paga  3 

uncarcalnty.  Table  6  13  applies  a  aontingancy  coat:  to  tha 
uncartaincy . 

Raccmr.andatian 

The  concarn  should  be  further  diacussed  in  ihe  aeporz. 
Holding  ocher  paratnetera  conscanc,  a  iowar  tranamlasivi-.y 
will  produce  a  more  extensive  capture  zone. 

26.  Page  S-36  atatea  "If  accrativicv  values  fall  below  uba 

ranges  cited,  additional  extraction  wella  may  ba  needed,  or 
cleanup  tisiea  may  be  longer  than  expected.  ’  Table  s-2 
repeats  the  uncertainty.  Table  S-13  applies  a  oenclngensy 
cost  to  the  uncertainty. 

Reco(T<m«rdat  i  on 

The  concern  should  be  further  diacuseed  in  the  Report .  The 
coefficient  of  storage  is  the  volume  of  water  produced 
divided  by  the  change  in  bead  and  area.  Cfpon  achieving  some 
sort  of  steady  state,  drawdown  ceasea  and  the  ceafficient  of 
storage  becomes  relatively  unimportant.  However,  during 
initial  pumping,  a  lower  coefficient  of  storage  will  result 
In  less  water  produced  for  a  given  decrease  in  head. 

37.  Paga  S-36  states  "If  Che  actual  vertical  permeabilities  are 
lower  than  chose  cited,  additional  extraction  wells  may  be 
needed."  Table  S-2  repeats  thia  uncertainty.  Table  6-13 
appliea  a  contingency  coat  to  the  uncertainty. 

Recom.mer.dac  ion 

T.his  cucicern  should  also  be  further  di.scueeed  in  the  report, 
tf  vertical  pcrmeabilitiee  are  decreaeed.  lese  water  will  be 
contributed  from  above  and  below  a  given  aquifer  tone  and 
extract ioa  from  the  tone  will  be  more  effective. 

28.  Page  6-36  IdeDtifiea  uncertainties  associated  with  ground 
water  gradients  and  notes  that  gradients  vary  from  year  to 
year  while  the  Report  focuses  on  gasdients  representing 
1993-IR93. 

Rscoswtendat  ion 

As  mentioned  in  Comment  tS,  above,  it  may  be  prudent  to 
evaluate  available  historic  gradient  data  to  dstermine  if 
the  1993 >1993  trends  and  ranges  are  typical  of  available 
sice  data. 
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PREPARED  FOR;  Davis  RI/FS  Report 

PREPARED  BY:  Loren  Krook/CH2M  HILL,  Redding 

DATE:  September  9,  1993 

SUBJECT:  Soil  Gas  Investigation 

Davis  Global  Communications  Site 
Delivery  Order  No.  5055 

PROJECT:  SAC28722.55.18 


Purpose  and  Scope 

The  purpose  of  this  technical  memorandum  is  to  provide  the  results  of  soil  gas  reme¬ 
dial  investigation  efforts  at  the  Davis  Global  Communications  Site  (Davis  Site).  Inter¬ 
pretation  of  the  data  is  provided  in  the  Remedial  Investigation/Feasibility  Study 
(RI/FS)  report. 

The  three  RI  soil  gas  sampling  efforts  that  were  conducted  included  the  following: 

•  Dry  or  Partially  Submerged  Groundwater  Monitoring  Well  Sampling - 

On  August  24,  1992,  soil  gas  samples  were  collected  from  four  dry  or 
partially  submerged  groundwater  monitoring  wells.  The  samples  were 
analyzed  for  volatile  organic  compounds  (VOCs)  and  selected 
atmospheric  gases  at  an  offsite  laboratory.  ,  " 

•  Shallow  Soil  Gas  Survey— From  September  15  to  October  6,  1992,  a 
shallow  soil  gas  survey  was  conducted.  A  total  of  71  soil  gas  samples 
were  collected  from  probes  driven  into  the  ground  to  depths  ranging 
from  5  to  20  feet  below  ground  surface  (bgs).  The  samples  were 
analyzed  for  selected  VOCs  in  an  onsite  mobile  laboratory.  Ten  of  the 
samples  also  received  confirmation|l  analyses  at  an  offsite  analytical 
laboratory. 

•  Soil  Vapor  Monitoring  Well  Sampling— On  December  17,  1992,  soil 
vapor  samples  were  collected  from  10  soil  vapor  monitoring  wells 
(SVMWs)  and  piezometers.  Additional  samples  were  collected  from 
three  deep  piezometers  on  August  8,  1993.  The  samples  were  analyzed 
for  VOCs  and  selected  atmospheric  gases  at  an  offsite  analytical 
laboratory. 
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The  following  sections  provide  descriptions  of  sample  locations  and  depths,  sampling 
equipment  and  procedures,  analytical  methodologies,  and  summary  results  of  labora¬ 
tory  analyses  for  the  two  investigations. 

Detailed  laboratory  reports  are  not  provided  in  this  technical  memorandum. 
Complete  data  packages  are  available  from  CH2M  HILL  in  Redding,  California. 


Background 

Several  previous  investigations  have  been  conducted  at  the  Davis  Site.  These  investi¬ 
gations  have  involved  soil  excavation  and  removal  of  underground  diesel  fuel  storage 
tanks,  soil  borings  for  contaminant  characterization,  a  soil  organic  vapor  survey,  cone 
penetrometer  surveys,  in  situ  groundwater  sampling,  groundwater  monitoring  well 
installations  and  sampling,  and  evaluation  of  stratigraphic  and  hydrogeologic 
characteristics  of  the  site.  These  investigations  have  continued  from  1981  to  the 
present. 

This  technical  memorandum  will  limit  discussion  of  previous  investigations  to  those 
relevant  to  the  soil  gas  sampling  and  analyses  performed  as  part  of  the  current 
remedial  investigation  efforts.  Additional  site  background  information,  descriptions, 
and  site  characterization  information  can  be  found  in  Section  2.0  of  the  Draft  Final 
Work  Plan,  Davis  Global  Communications  Site  Remedial  Investigation  (CH2M  HILL, 
1992a). 

Previous  Investigations 

The  relevant  previous  investigation  at  the  Davis  Site  was  performed  by  International 
Technology  Corporation  (ITC)  from  April  3  to  April  19,  1989.  In  this  investigation,  a 
shallow  soil  gas  survey  was  conducted.  The  objectives  of  this  survey  v/ere: 

•  To  determine  the  extent  of  volatile  organic  vapor  contamination  to  a 
depth  of  10  feet  bgs 

•  To  determine  the  prevalence  of  target  compounds  trichloroethene 
(TCE),  tetrachloroethene  (PCE),  vinyl  chlotide  (VCL),  and  benzene  in 
the  soil  vapors 

•  To  determine  the  locations  for  future  cone  penetrometer  and  soil 
borings 

During  the  soil  gas  survey,  94  locations  were  sampled  on  a  40-foot  by  40-foot  square 
grid.  Soil  gas  probes  were  driven  10  feet  bgs  and  soil  vapor  samples  extracted. 
Concentrations  of  total  volatile  organic  compounds  (TVOCs)  were  measured  using  a 
photoionization  detector  (PID).  Samples  with  PID  readings  greater  than  1  part  per 
million  volume  (ppmv)  were  also  analyzed  in  the  Held  using  a  gas  chromatograph 
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(GC).  Target  compounds  for  GC  analysis  included  TCE.  PCE.  vinyl  chloride,  and 
benzene. 

Detection  limits  during  GC  analyses  are  shown  in  Table  A-1. 


Table  .\-l 

Detection  Limits  During  GC  AoaUyses 

Target  Compound 

Detection  Liam  (ppbv> 

Trichloroethene 

213 

Tetrachlorethene 

160.5 

Vinyl  Chloride 

i06.0 

Benzene 

28J 

The  results  of  the  soil  gas  survey  identified  PCE  and  TCE  plumes  in  the  vadose  zone 
at  a  depth  of  10  feet  bgs.  Figure  A-1  shows  the  extent  of  PCE  and  TCE  contamina¬ 
tion  developed  by  ITC  (1992),  based  on  GC  data.  Following  evaluation  of  the  data, 
an  additional  investigation  was  determined  to  be  necessary  to  adequately  characterize 
the  nature  and  extent  of  vadose  zone  contamination.  These  additional  investigations, 
including  soil  gas  sampling  of  dry  or  partially  submerged  groundwater  monitoring 
wells,  a  supplemental  shallow  soil  gas  survey,  and  SVMW  sampling,  were  conducted 
as  part  of  the  Davis  Site  RI  and  are  the  primary  subjects  of  this  technical 
memorandum. 


Field  Exploration 

This  section  describes  the  procedures  and  equipmeitt  used  during  the  RI  soil  gas 
investigation.  Shallow  soil  gas  and  SVMW  sampling  were  conducted  in  accordance 
with  Sections  5.0  and  11.0,  respectively,  of  the  Draft  Final  Davis  Global  Communica¬ 
tions  Site  Remedial  Investigation  Sampling  and  Ana^is  Plan  (SAP)  (CH2M  HILL, 
1992b).  The  following  paragraphs  describe  the  three  soil  gas  sampling  efforts 
conducted  at  the  site;  sampling  of  existing  dry  or  partially  submerged  groundwater 
monitoring  wells,  shallow  .soil  gas  sampling,  and  sarnpUi^  of  SVMWs  installed  as  part 
of  the  RI  fieldwork. 

Dry  Groundwater  Monitoring  Well  Sampling 

The  first  phase  of  the  RI  soil  gas  investigation  was  oxnducted  on  August  24,  1992. 
This  part  of  the  investigation  consisted  of  sampling  sc^  vapors  from  four  existing  dry 
or  partially  submerged  groundwater  monitoring  wells.  The  wells  sampled  included 
MW-1,  MW.3,  MW-5,  and  MW-7. 


Each  of  the  groundwater  wells  were  modified  to  function  as  a  SVMW.  These  modifi¬ 
cations  consisting  of  fitting  airtight  well  caps  to  the  top  (rf  each  well  casing.  The  caps 
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were  rigged  with  tubing  connectors  for  purging  and  sampling.  Prior  to  sampling,  each 
well  was  purged  of  3  well  volumes  using  a  vacuum  pump.  Soil  vapor  samples  were 
then  collected  in  evacuated  6-liter  stainless  steel  canisters. 

Shallow  Soil  Gas  Sampling 

Shallow  soil  gas  sampling  locations  were  determined  primarily  on  the  results  of  the 
previous  shallow  soil  gas  survey  conducted  by  ITC  in  April  1989.  The  results  of  this 
survey  identified  PCE  and  TCE  plumes  at  a  depth  of  10  feet  bgs  using  PID  and  on¬ 
site  GC  analyses.  Figure  A-1  shows  the  PCE  and  TCE  plumes  identified  by  ITC  and 
the  locations  sampled  during  the  September  1992  shallow  soil  gas  investigation. 

Sampling  Locations  and  Depths 

A  total  of  71  soil  gas  sa^iples  were  collected  at  various  locations  and  within  and  out¬ 
side  the  Main  Compound  perimeter  fence.  A  total  of  67  samples  were  collected  for 
the  purpose  of  defining  the  horizontal  and  vertical  extent  of  VOC  contamination  in 
the  area  of  the  ITC  shallow  soil  gas  survey.  Four  additional  samples  were  collected 
around  the  perim.eter  of  Building  4708  for  risk  assessment  purposes.  Tat  le  A-2 
summarizes  the  number  and  depths  of  samples  that  were  planned  in  the  Draft  Final 
Work  Plan  (CH2M  HILL,  1992a)  and  those  actually  collected  during  the  field  investi¬ 
gation. 


Table  A-2 

Numbers  and  Depths  of  Shallow  Soil  Gas  Samples 

Sample  Depth 
(feet  bgs) 

Number  of  Samples 

Planned 

Actual 

5 

15 

15 

10 

35 

43 

13" 

0 

1 

17* 

0 

1 

20 

li 

11 

Total 

67 

71 

"Attempted  20  feci  bgs  sample  terminated  because  of  refusal  conditions. 

Because  of  the  soil  conditions  encountered,  the  sample  probe  could  not  be  driven 
below  approximately  20  feet  bgs.  In  lieu  of  these  samples,  additional  samples  were 
collected  at  10  feet  bgs. 
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Sampling  Equipment  and  Procedures 

Hydro  Geo  Chem,  Incorporated,  based  in  Tuscon,  Arizona,  c.?llected  and  analyzed 
shallow  soil  gas  samples.  CH2M  HILL  supervised  the  work  and  determined  sampling 
locations  and  depths. 

Shallow  soil  gas  samples  were  collected  using  a  customized  Ford  pickup  truck 
equipped  with  a  hydraulically  driven  hammer  to  advance  sampling  probes  below  the 
ground  surface.  The  sampling  mechanism  consisted  of  a  hydraulically  powered  fric¬ 
tion  wheel  lifting  a  300-pound  drop-hammer  over  a  vertical  distance  of  about  3  feet. 
The  impact  of  the  hammer  drove  1-3/8-inch  outside  diameter,  nickel-plated,  stainless 
steel  extraction  well  drill  rods  into  the  ground.  The  probes  were  fitted  with  detach¬ 
able  high-carbon  steel  drive  points  to  penetrate  the  soil. 

After  a  soil  gas  probe  had  been  driven  to  the  required  depth,  the  probe  was  pulled 
up  approximately  6  inches  to  1  foot  using  the  truck  hydraulics.  As  the  probe  was 
retracted  from  the  ground,  the  steel  drive  point  detached  from  the  bottom  end  of  the 
probe.  A  pressure-iegulated  vacuum  pump  was  then  attached  to  the  surface  end  of 
the  probe  via  a  stainless  steel  adapter.  Three  to  five  probe  volumes  were  purged  by 
the  vacuum  pump  tc  ensure  a  representative  soil  gas  sample. 

Figure  A-2  shows  the  major  elements  of  the  field  sampling  effort. 

Onsite  Analysis  Samples 

Samples  for  onsite  analyses  were  collected  by  withdrawing  soil  gas  from  the  vadose 
zone  through  an  inline  sample  collection  cartridge.  The  sample  cartridge  was  con¬ 
nected  in  the  sampling  train  between  the  probe  adapter  and  the  sampling  pump. 
VOCs  were  trapped  and  concentrated  in  a  glass  tube  (Supelco)  contained  within  the 
stainless  steel  cartridge.  The  cartridge  was  packed  with  three  types  of  adsorptive, 
hydrophobic  activated  carbon  to  trap  different  species  of  VOCs.  Carbotrap  was  used 
to  adsorb  the  heavier  VOCs,  such  as  PCE;  Carbopack  B  to  adsorb  the  lighter 
volatiles,  such  as  TCE;  and  Carbosieve  S-III  to  adsorb  the  ultralight  volatiles,  such  as 
vinyl  chloride.  A  computerized  mass-flow  controller  was  used  to  regulate  airflow  and 
to  accurately  measure  the  volume  sampled.  The  flow  controller  was  typically  pro¬ 
grammed  to  pump  200  ml  of  soil  gas  at  a  flow  rate  of  100  ml/minute  with  less  than  2 
percent  error,  independent  of  temperature  and  pressure  conditions.  When  the 
specified  flow  volume  was  obtained  a  solenoid  valve  automatically  closed,  and  the 
sample  collection  was  completed. 

Cartridge  duplicate  samples  were  collected  consecutively.  Simultaneous  cartridge 
sampling  was  not  possible  because  the  mass-flow  controller  regulating  the  flow  of  soil 
gas  could  only  be  used  for  one  cartridge  at  a  time. 
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Offsite  Confirmation  Analysis  Samples 


Samples  for  offsite  laboratory  confirmation  analyses  were  collected  in  evacuated 
6-liter  stainless  steel  canisters.  The  canister  samples  were  collected  immediately 
following  collection  of  the  cartridge  samples.  Each  canister  was  connected  to  the 
stainless  steel  adapter  installed  at  the  top  of  the  probe.  Stain!-  ss  steel  Swagelock 
connections  and  Teflon  tubing  were  used  to  connect  the  canisters  to  the  probe 
adapters. 

After  connection  to  the  probe  adapter,  samples  were  collected  by  opening  the 
adapter  and  canister  valves  and  allowing  the  soil  gas  to  enter  the  canister.  All  initial 
canister  pressures  were  minus  30  inches  of  mercury  or  less.  After  sample  collection, 
all  final  canister  pressures  were  between  minus  4.0  and  10.5  inches  of  mercury. 

Canister  duplicate  samples  we:e  collected  si:  lultaneously  by  using  a  stainless  steel  tee 
and  equal  lengths  of  Tefion  tubing  connected  to  the  probe  adapter. 

SVNfW  Sampling 

Following  the  shallow  soil  gas  survey,  five  SVMWs  and  nine  piezometers  were 
installed  in  the  areas  of  highest  soil  gas  contamination.  Details  of  well  construction 
and  descriptions  of  the  installation  procedures  are  provided  in  Appendix  D,  Summary 
of  Field  Activity  Figure  A-1  shows  the  locations  of  the  five  SVMWs  and  associated 
piezometers  (e.g.,  SYN-fW  CH-1  and  associated  Shallow  Piezometer  P-IS  and  Deep 
Piezometer  P-ID). 

Initial  sampling  of  the  SVMWs  and  piezometers  was  conducted  in  December  1992. 
Five  wells  and  five  .shallow  piezometers  were  sampled  in  accordance  with  Section  11.0 
of  the  Draft  Final  SAP  (CH2M  HILL,  1992).  The  sampled  wells  and  piezometers 
included  CH-1,  P-lS,  CH-2,  P-2M,  CH-3,  P-3S,  CH-4,  P-IS,  CH-5,  and  P-5S.  Because 
of  relatively  high  winter  groundwater  levels,  the  screened  intervals  of  the  four  deepest 
piezometers  (P-ID,  P-3D,  P-4D,  and  P-5D)  were  submerged  and  could  not  be 
sampled.  Three  deep  piezometers  (P-ID,  P-3D,  and  P-4D)  were  sampled  on 
August  8,  1993.  P-5D  was  still  submerged. 

Prior  to  sampling,  each  well  or  piezometer  was  purged  erf  3  well  volumes  using  a 
vacuum  pump.  Soil  vapor  samples  were  then  collected  in  evacuated  6-liter  stainless 
steel  canisters.  A  field  duplicate  sample  was  collected  from  Well  CH-1  using  a  stain¬ 
less  steel  cross  in  the  sampling  train. 


Laboratory  Analyses 

This  section  describes  the  analytical  methodologies  and  summary  results  for  dry  or 
partially  submerged  groundwater  monitoring  samples,  shallow  soil  gas  samples  and 
SVMW/piezometer  samples.  Results  from  the  December  1992  sampling  are 
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summarized  in  Tables  A-8  and  A-9.  Results  from  the  August  1993  sampling  are 
summarized  in  Attachment  A-l. 

Dry  Groundwater  Monitoring  Well  Soil  Vapor  Samples 

All  of  the  samples  collected  from  dry  or  partially  submerged  groundwater  monitoring 
wells  were  analyzed  at  Air  Toxics  Ltd.,  located  in  Rancho  Cordova,  California.  The 
samples  were  analyzed  for  soil  gas  VOCs  in  accordance  with  EPA  Method  TO-14 
using  a  gas  chromatograph/mass  spectrometer  (GC/MS)  operating  in  full-scan  mode. 

In  addition  to  VOC  analyses,  selected  samples  were  also  analyzed  for  oxygen, 
nitrogen,  methane,  and  carbon  dioxide  using  modified  ASTM  Method  D3416  and  a 
GC  equipped  with  thermal  conductivity  and  flame  ionization  detectors 
GCyTCD/FID). 

Tables  A-3  and  A-4  summarize  the  results  of  soil  vapor  analyses  conducted  on 
samples  from  groundwater  monitoring  wells. 


Table  A-3 

Summary  of  Detected  Soil  Gas  VOCs 

Dry  or  Partially  Submerged 

Groundwater  Monitoring  Weil  Sampling* 

August  21,  1992 
(Xgfl) 

Compound^ 

Weil  and  Screened  Inter,  al 
(feet  hgs) 

MW-l 
(61  to  8t) 

MW-3 
(61  to  81) 

MW-5 
(59  to  79) 

MW.7  ! 
(61  to  81) 

Freon- 12 

.c 

0.25 

- 

- 

Vinyl  Chloride 

- 

■  - 

- 

Chioromethane 

0.02 

- 

- 

1 , 1- Dichloroethene 

0.07 

- 

6.0 

- 

Freon- 113 

0.01 

IHHSSSHIIi 

- 

- 

1,1-Dichioroethane 

0.06 

- 

- 

- 

cis- 1,2-Dichloroethene 

0.91  E 

0.37 

- 

- 

1,1.1-Trichloroethane 

- 

- 

0.07 

- 

Benzene 

- 

0.01 

- 

Trichloroethene 

1.5E 

28 

2.7 

0.05 

Toluene 

0.31 

- 

0.21 

0.02 

Tetrachloroethene 

0.56 

6.4 

95E 

_ _ 

“.Maximum  detected  analyte  concentrations  are  listed  where  duplicate  samples  were  analyzed. 
^Compounds  common  to  onsite  GC  analyses  conducted  during  the  RI  shallow  soil  gas  survey  are 
bolded. 

‘^Compound  not  detected  above  quantitarion  limit  Quantitation  limits  vary  from  sample  to 
sample  because  of  dilution  factors. 

'^Analyte  concentration  exceeded  calibration  range,  but  within  linear  range. 

IOOI27aRDO(D«v»RI/FS)  A-12 


i 


Table  A-4 

Summary  of  Detected  Atmospheric  Gases 

Dry  or  Partially  Submerged 

Groundwater  Monitoring  Weil  Sampling 

August  21.  1992 
(percent)* 

Compound 

Well  and  Screened  Interval 
(feet  bgs) 

MV/-1 

61  to  gl) 

MW-5 
(59  to  79) 

Oxygen 

15 

19 

Nitrogen 

59 

70 

Methane 

0.11 

Carbon  dioxide 

0.94 

0.93 

^Maximum  analyte  concentrations  are  listed  where  field  or  laboratory 
duplicate  samples  were  analyzed. 

^Compound  not  detected  above  quantitation  limit. 

Quality  Control 

Quality  control  (OC)  measures  for  soil  gas  samples  collected  from  dry  or  partially 
submerged  groundwater  wells  included  field  quality  control  samples  and  internal 
laboratory  QC  samples. 

Field  QC  Samples.  Field  QC  samples  consisted  of  one  field  duplicate  and  one  field 
blank.  The  samples  were  collected  at  a  frequency  of  approximately  1  in  10.  The 
samples  were  submitted  "blind"  to  the  analytical  laboratory.  /\J1  of  the  samples  were 
received  intact  at  the  laboratory  in  accordance  with  chain-of-custody  procedures. 

One  field  duplicate  for  VOC  analysis  was  collected  from  MW-3  and  designated  MW- 
200.  A  stainless  steel  cross  in  the  sample  tubing  was  used  to  collect  the  samples 
simultaneously.  Relative  percent  differences  (RPDs)  between  detected  compounds 
ranged  beUveen  2.0  and  8.0  percent.  The  field  duplicate  RPD  acceptability  criterion 
for  measurements  in  air  is  less  than  50  percent  (Table  4-3,  IRP  QAPP)  (Radian, 
1092).  Therefore,  acceptability  criteria  were  met  for  ail  compounds. 

One  field  blank  sample,  designated  MW-lOO,  was  collected  in  a  randomly  selected 
canister  using  ultra-high  purity  air.  No  method  analytes  were  detected. 

Laboratory  QC  Samples.  Internal  laboratory  QC  samples  for  VOC  analysis  consisted 
of  laboratory  blanks,  surrogate  spikes,  and  method  spikes.  Laboratory  QC  samples 
for  the  analysis  of  atmospheric  gases  consisted  of  a  laboratory  duplicate  and  a  labora¬ 
tory  blank. 
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Three  laboratory  blank  samples  were  analyzed.  No  method  analytes  were  detected  in 
any  of  the  samples. 

Spiked  analyses  consisted  of  surrogate  spikes  and  a  method  spike.  Each  field  sample 
and  laboratory  blank  sample  was  spiked  with  three  surrogate  compounds.  The 
surrogate  spike  recoveiy'  acceptance  criterion  is  plus  or  minus  30  percent  (Radian, 
1992).  All  surrogate  spike  recoveries  were  within  quality  control  limits,  except  for  the 
recovery  of  surrogate  compound  toluene-d8  in  MW-1.  Matrix  effects  in  this  sample 
resulted  in  a  surrogate  recovery  of  132  percent. 

All  method  spike  compounds  met  QC  acceptance  criteria  of  plus  or  minus  30  percent. 

For  atmospheric  gas  analyses,  one  laboratory  duplicate  sample  was  analyzed  for 
Sample  MW-1.  RPDs  ranged  from  zero  to  35  percent.  Analysis  of  the  laboratory 
blank  sample,  consisting  of  ultra-high  purity  nitrogen,  detected  100  percent  nitrogen 
and  no  other  compound. 

Shallow  Soil  Gas  Samples 

Shallow  soil  gas  samples  were  analyzed  at  an  onsite  mobile  laboratory  and  confirma¬ 
tion  samples  at  an  offsite  laboratory.  Descriptions  of  both  types  of  analyses  are  in  the 
following  paragraphs. 

Onsite  Analyses 

Onsite  analyses  were  performed  using  gas  chromatography  techniques  to  identity  and 
quantify  target  VOCs.  Soil  gas  adsorption  cartridges  were  desorbed  using  an 
Envirochem  890  Thermal  Tube  Desorber  operating  at  280°C.  The  desorbed  samples 
were  injected  by  the  desorber  into  a  Varian  3400  gas  chromatograph  equipped  with  a 
Megabore  DB  624,  30m  capillary  column,  a  Tracor  703  photoionization  detector 
(PID),  and  a  Tracor  700A  Hall  detector.  A  split  sample  from  the  thermal  desorber 
was  sent  to  a  DBI,  30m  Megabore  capillary  column  and  a  Varian  flame  ionization 
detector  (FID)  for  second  column  analysis. 

Target  analytes  for  onsite  GC  analyses  consisted  of  the  following  compounds: 

•  PCE 

•  TCE 

•  1,1-DCE 

•  Vinyl  chloride 

•  Benzene 

•  Toluene 

•  Ethyl  benzene 

•  m-  and  p-Xylcnes 

•  o-Xylene 

•  TVOCs 
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The  detection  limit  for  all  compounds  was  0.01  ugA. 

Each  cartridge  sample  was  analyzed  for  each  of  the  above  listed  compounds.  The 
onsite  laborator>'  analyiical  data  are  summarized  in  Tab'e  A-5.  Laboratory  data 
sheets  and  summaries  of  the  data  on  a  parts  per  billion-volume  basis  are  provided  in 
Attachment  A-1. 

Offsite  Analyses 

Offsite  confirmation  analyses  for  soil  gas  VOCs  were  performed  in  accordance  with 
EPA  Method  TO-14  using  GC/MS  techniques.  The  samples  were  analyzed  at  the  Air 
Toxics,  Ltd.,  laboratory  located  in  Rancho  Cordova,  California.  Twelve  6-liter 
''anister  confirmation  samples  were  collected  in  the  field.  The  canister  samples  con¬ 
sisted  of  10  primary  samples,  I  field  duplicate,  and  1  field  blank.  Table  A-6  lists  the 
canister  confirmation  samples  that  were  collected. 

Offsite  laboratory  confirmation  sample  data  are  summarized  in  Table  A-7. 

Quality  Control 

QC  measu.'-es  for  shallow  soil  gas  samples  were  performed  for  both  onsite  laboratory 
GC  analyses  and  offsite  laboratory  GC/MS  analyses.  QC  samples  for  onsite  GC 
analyses  included  laboratory  systems  blanks,  calibration  standards,  surrogate  spikes, 
field  duplicates,  field  blanks,  and  trip  blanks.  OC  measures  for  offsite  GC/^IS  confir¬ 
mation  samples  included  field  blank  and  duplicate  samples  and  internal  laboratory 
QC  measures,  including  laboratory  b!ank.s,  surrogate  spikes,  and  method  spikes. 

Field  QC  Samples.  Field  QC  samples  for  onsite  GC  analyses  of  shallow  soil  gas 
samples  included  nine  atmospheric  field  blanks  and  seven  trip  blanks.  No  chlorinated 
analytes  (e.g.,  PCE)  were  detected  in  any  of  the  field  or  trip  blank  samples.  Fuel 
constituent  aromatic  compounds  (i.e.,  benzene,  toluene,  ethylbenzene,  and  xylenes) 
were  found  at  low  concentrations  in  both  field  and  trip  blanks.  Refer  to 
Attachment  A-1  for  tabulations  of  detected  compounds  in  the  field  OC  samples. 

Field  QC  samples  for  offsite  GC/MS  confirmation  analyses  consisted  of  a  field  dupli¬ 
cate  and  a  field  blank.  The  samples  were  collected  a  frequency  of  approximately  1  in 
10.  The  samples  were  submitted  "blind"  to  the  analytical  laboratory'.  All  of  the 
.samples  were  received  intact  at  the  laboratory  in  accordance  with  chain-of-custody 
procedures. 

One  field  duplicate  was  collected  at  shallow  soil  gas  location  SG30-20  and  designated 
SG2(K)-20.  A  stainless  steel  cross  in  the  sample  tubing  was  used  to  collect  the 
samples  simultaneously.  Relative  percent  differences  (RPDs)  between  detected 
compounds  ranged  between  3.6  to  200  percent.  The  field  duplicate  RPD  accept¬ 
ability  criterion  for  nr.easurements  in  air  is  less  than  50  percent  (Table  4-3,  IRP 
QAPP)  (Radian,  1992).  Acceptability  criteria  were  not  met  for  1,1-dichloroethenc 
(159  percent),  Freon-113  (200  percent),  and  toluene  (HO  percent). 
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Table  A-5 

Summary  of  Shallow  Soil  Gas  Data~September  IS  to  October  6, 1992 
Mkrograms  Per  Liter  (pig/L) 

Davis  Global  Commupicatkms  Site _ 


BHU 

Vinyl 

Chloride 

SGOl-lO 

<0.01 

SG02-10 

<0.01 

SG03-10 

<0.01 

SG04-10 

<0.01 

SG05-10 

<0.01 

SG05-13 

<0.01 

SG06-10 

<0.01 

SG07-10 

<0.01 

SG08-05 

<0.01 

SG08-10 

SG08-20 

SG09-05 

<0.01 

SG09-10 

<0.01 

SG09.20 

SGIO-10 

<0.01 

SGI  1-05 

<0.01 

SGll-10 

<0.01 

SGI  1-20 

<0.01 

SG12.10 

<0.01 

SGI  3-05 

<0.01 

SG13-10 

<0.01 

SG13-20 

<0.01 

SG14.10 

<0.01 

SGI  5-05 

<0.01 

SG15-10 

<0.01 

SGI  5-20 

<0.01 

SG16-10 

<0.01 

SG17-10 

<0.01 

SGI  8-05 

<0.01 

SG18-10 

<0.01 

SG18-17 

<0.01 

SG19-10 

<0.01 

SG20-10 

<0.01 

SG21-10 

<0.01 

SG22-05 

<0.01 

SG22.10 

<0.01 

SG22-20 

<0.01 

SG23-10 

<0.01 

SG24-10 

<0.01 

SG25-10 

<0.01 

SG26-10 

<0.01 

SG27-10 

<0.01 

SG28-I0 

<0.01 

SG29-05 

<0.01 

SG29-10 

<0.01 

SG29-20 

<0.01 

SG30-05 

<0.01 

1,1  DCE 

TCE 

PCE 

<0.01 

<0.01 

4.00 

nosn 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

0.27 

2.70 

14.00 

<0.01 

0.05 

0.30 

<0.01 

0.44 

14.00 

<0.01 

<0.01  1 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

1.45 

<0.01 

<0.01 

11.00 

0.15 

0.05 

41.00 

0.07 

0.03 

26.00 

<0.01 

<0.01 

0.09 

<0.01 

<0.01 

<0.01 

mEsm 

0.06 

0.32 

<0.01 

0.97 

<0.01 

<0.01 

<0.01 

0.53 

4.00 

77.00 

<0.01 

<0.01 

0.08 

<0.01 

<0.01 

<0.01 

<0.01 

0.04 

0.06 

<0.01 

<0.01 

<0.01 

<0.01 

0.61 

1.90 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

0.06 

<0.01 

0.04 

0.06 

<0.01 

<0.01 

"  <0.01 

<0.01 

0.36 

11.00 

<0.01 

0.13 

4.80 

<0.01 

<0.01 

0.03 

<0.01 

<0.01 

14.50 

<0.01 

0.29 

0.10 

<0.01 

<0.01 

2.04 

<0.01 

0.09 

52.00 

<0.01 

<0.01 

9.70 

<0.01 

<0.01 

0.07 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

0.05 

<0.01 

<0.01 

0.02 

<0.01 

<0.01 

0.35 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

0.26 

0.34 

3.80 

340.00 

<0.01 

<0.01 

0.13 

<0.01 

<0.01 

0.22 

Benzene 

0.16 
0.25 
0.21 
0.27 
0.13 
0.10 
0.16 
0.20 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
0.09 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
0.04  - 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
0.04 
0.26 


Toluene 

0.32 
0.69 
0.58 
0.70 
0.12 
0.15 
0.19 
0.20 
<0.01 
<0.01 
<0.01 
0.16 
<0.01 
<0.01 
<0.01 
0.09 
<0.01 
0.04 
0.22 
0.07 
0.06 
0.04 
<0.01 
0.07 
<0.01 
0.07 
<0.01 
<0.01. 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
0.06 
<0.01 
0.06 
0.08 
<0.01 
6.80 
<0.01 
<0.01 
<0.01  ■ 
<0.01 
<0.01 
0.05 
0.57 


Ethyl 
Benzene 
0.16 
0.25 
0.25 
0.28 
0.14 
0.05 
0.17 
0.25 
<0.01 
<0.01 
<0.01 
0.06 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01  . 

■^.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

0.07 

<0.01 

<0.01 

<0.01 

<0.01 

5.80 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

0.13 


m-  &  p- 
Xylenes 
0.16 
0.33 
0.31 
0.42 
0.15 
0.20 
0.26 
0.25 
<0.01 
<0.01 
<0.01 
0.18 
<0.01 
<0.01 
<0.01 
0.06 
<0.01 
0.04 
0.13 
0.10 
0.07 
0.05 
<0.01 
0.10 
<0.01 
0.06 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
0.09 
<0.01 
0.05 
0.08 
<0.01 
16.30 
<0.01 
<0.01 
<0.01 
0.06 
<0.01 
0.05 
0.39 


o- 

Xylene 
0.16 
0.23 
0.26 
0,29 
0.17 
O.IO 
0.24 
0.20 
<0.01 
<0.01 
<0.01 
0.08 
<0.01 
■  <0.01 
<0.01 
<0.01 
<0.01 
<0.01 
'  0.19 
0.06 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
■  <0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
0.08 
<0.01 
<0.01 
<0.01 
<0.01 
17.50 
<0.01 
<0.01  ■ 
<0.01 
<P.Oi 
<0.01 
0.05 
0.17 
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Table  A*5 

Summary  of  Shallow  Soil  Gas  Data~September  15  to  October  6, 1992 
Micn^rams  Per  Liter  (pg/L) 

Davis  Global  Communicatioiis  Site 


IIIHR9 

Vinyl 

Chloride 

1,1  DCE 

TCE 

PCE 

Benzene 

Toluene 

Ethyl 

Benzene 

m-  &  p- 
Xylenes 

o- 

Xylene 

SG30-10 

<0.01 

<0.01 

0.71 

29.00 

<0.01 

0.07 

<0.01 

<0.01 

<0.01 

SG30-20 

<0.01 

1.60 

5.20 

110.00 

0.05 

0.05 

<0.01 

0.05 

0.05 

SG31-10 

<0.01 

<0.01 

<0.01 

0.06 

<0.01 

<001 

mmm 

<0.01 

<0.01 

0.04 

^.01 

<0.01  1  <0.01 

<0.01 

<0.01 

SG33-10 

<0.01 

<0.01 

<0.01 

<0.01 

0.06 

0.14 

<0.01 

0.11 

<0.01 

SG34-10 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

0.07 

<0.01 

SG35-10 

<0.01 

<0.01 

0.07 

0.53 

0.07 

0.08 

<0.01 

SG36-05 

<0.01 

1.20 

12.70 

88.00 

<0.01 

<0.01 

<0.01 

0.05 

SG36-20 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

SG37-i0 

<0.01 

<0.01 

<0.01 

0.31 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

SG38-10 

<0.01 

<0.01 

<0.01 

0.35 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

SG39-I0 

<0.01 

0.84 

0.05 

5.02 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

SG40-I0 

<0.01 

<0.01 

0.06 

0.21 

<0.01 

<0.01 

0.06 

<0.01 

<0.01 

SG4I-05 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

WBrnm 

SG41.20 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

SG42-20 

<0.01 

<0.01 

<0.01 

<0.01 

0.05 

0.11 

<0.01 

SG43.10 

<0.01 

0.05 

0.01 

0.02 

0.01 

0.02 

0.03 

0.03 

0.03 

SG44-10 

<0.01 

0.12 

0.01 

0.04 

0.05 

0.11 

0.19 

0.21 

0.22 

SG45-I0 

<0,01 

0.09 

0.02 

0.07 

0.05 

0.14 

0.24 

0.28 

0.30 

SG46-10 

<0.01 

0.03 

0.02 

0.05 

0.05 

0.14 

0.25 

RAOl-05 

<0.01 

<0.01 

<0.01 

2.80 

0.05 

0.08 

<0.01 

RA02-05 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

RA03-05 

<0.01 

0.02 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

RA04-05 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

Note: 


Sample  depths  are  coded  in  sanqjle  location  number.  Sample  locations  given  in  Figure  A-1. 

Fot  example.  Sample  SGOl'IO  indicates  location  01  at  a  depth  of  10  feet  bgs.  ,  ^ 

^^^,^£j|jj|]ijE|i^ig.san£j^j_tlwjna3umtnnjetectedaiajyte  concentration  is  given  (i.e..  the  maximum  of  the  two  values). 
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Table  \-6 

OfTsite  Laboratory  Confirmation  .\naiysis  Samples 

SG04-10 

SG22-05 

SG07-10 

SG30-20 

SG08-05 

SG34-10 

SG09-10 

SG41-20 

SG09-20 

SGIOO-IO  (field  blank) 

SG19.10 

SG200-20  (field  duplicate  of  SG30-20) 

Note: 

1.  All  samples  collected  in  evacuated  6-liter  stainless  steel  canisters. 

2.  Field  duplicates  collected  simultaneously  by  using  stainless  steel  tee. 

3.  Field  blank  collected  using  ultra-high  purity  air. 

4.  Laboratory  analysis  in  accordance  with  EPA  Method  TO- 14  using  GC/MS. 


One  field  blank  sample,  designated  SGlOO-10,  was  collected  in  a  randomly  selected 
canister  using  ultra-high  purity  air.  No  method  analytes  were  detected  in  the  sample. 

Laboratory  QC  Samples.  Onsite  laboratory  OC  included  laboratory  systems  blanks, 
calibration  standards,  and  surrogate  spikes.  A  systems  blank  and  three  calibration 
runs  were  performed  at  the  beginning  of  each  day.  Additional  calibrations  were  per¬ 
formed  after  every  10  samples.  Surrogate  spikes  consisted  of  a  mixture  of  cis-  and 
trans-dichloropropene.  Calibration  curves  and  chromatograms  are  not  provided  with 
this  technical  memorandum.  Detailed  QC  information  is  available  from  CH2M  HILL 
in  Redding,  California. 

Offsite  laboratory  QC  samples  consisted  of  laboratoiy  blanks,  surrogate  spikes,  and 
method  spikes.  Three  laboratory  blank  samples  were  analyzed.  No  method  analytes 
were  detected  in  any  of  the  samples.  Spiked  analyses  consisted  of  surrogate  spikes 
and  a  method  spike.  Each  field  sample  and  laboratory  QC  sample  was  spiked  with 
three  surrogate  compounds.  The  surrogate  spike  recoveiy  acceptance  criterion  is  plus 
or  minus  30  percent  (Radian,  1992).  All  surrogate  spike  recoveries  were  within  qual¬ 
ity  control  limits.  All  method  spike  compounds,  except  trans-l,3-dichloropropene 
(132  percent),  styrene  (150  percent),  and  chlorotoluene  (172  percent),  met  quality 
control  acceptance  criteria  of  plus  or  minus  30  percent.  These  compounds  were  not 
detected  in  any  sample. 
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"^Maxiinuin  detected  analyte  cuncentraiiuns  are  listed  where  field  duplicate  samples  were  unuly^ed. 

^Compounds  common  to  onsite  GC  analyses  are  bolded. 

'^Sample  depths  are  coded  in  sample  number.  For  example,  SGO4-I0  indicates  a  sample  collected  at  location  04  at  a  depth  of  U)  feet  bgs. 
^Compound  not  detected  above  quantitation  limit.  Quantitation  limits  vary'from  sample  to  sample  because  of  dilution  factors. 

^Analyte  concentration  exceeded  calibration  range,  but  within  linear  range. 


SVMW  Samples 


All  of  the  SVMW  canister  samples  were  analyzed  at  Air  Toxics,  Ltd.,  located  in 
Rancho  Cordova,  California.  The  samples  were  analyzed  for  soil  gas  VOCs  in  accor¬ 
dance  with  EPA  Method  TO- 14  using  a  GC/MS  operating  in  full-scan  mode.  To 
quantify  low-  ai»d  high-level  contaminants,  most  of  the  samples  were  analyzed  twice. 
Samples  were  initially  analyzed  with  minimal  dilution  to  quantify  low  concentration 
contaminants  at  the  lowest  practical  quantitation  limit.  The  samples  were  subse¬ 
quently  reanalyzed  with  dilution  to  quantify  high  level  contaminants. 

Although  most  samples  were  analyzed  twice  to  quantify  low-  and  high-range  contami¬ 
nants,  some  data  are  flagged  with  an  "E"  qualifier  on  the  laboratory  data  sheets.  The 
"E"  flag  indicates  that  a  particular  analyte  was  detected  at  a  concentration  th£U 
exceeded  the  instrument  calibration  range,  but  was  within  the  linear  range.  The 
qualified  data  are  a  consequence  of  the  wide  range  of  target  analyte  concentrations. 
Sample  dilutions  were  determined  based  on  the  highest  concentration  analytes.  In 
diluting  a  sample  sufficiently  to  quantify  the  highest  concentration  analytes,  the 
detection  limit  w.as  necessarily  increased.  For  other  analytes  in  the  same  sample,  the 
higher  detection  limit  was  greater  than  the  compound  concentration.  These  com¬ 
pounds  are  therefore  "Not  Detected"  in  the  diluted  sample.  Under  this  condition,  the 
undiluted  analytical  results  are  given,  some  being  qualified  with  an  "E"  flag. 

In  addition  to  VOC  analyses,  selected  samples  were  also  analyzed  for  oxygen,  nitro¬ 
gen,  carbon  monoxide,  methane,  carbon  dioxide,  and  total  nonmethane  hydrocarbon 
content  using  modified  ASTM  Method  D3416  and  a  GC  equipped  with  thermal  con¬ 
ductivity  and  flame  ionization  detectors  (GC/TCD/FID). 

Tables  A-8  and  A-9  summarize  the  results  of  the  SVMW  sample  analyses. 

Quality  Control 

Quality  control  (QC)  measures  for  SVMW  samples  included  field  QC  samples  and 
internal  laboratory  QC  samples.  The  laboratory  data  were  reviewed  to  assess  their 
acceptability,  is  defined  by  criteria  given  in  the  Installation  Restoration  Program 
(IRP)  Quality  Assurance  Project  Plan  (QAPP)  (Radian,  1992). 

Field  QC  Samples.  Field  QC  samples  consisted  of  one  field  duplicate  and  one  field 
blank.  The  samples  were  collected  at  a  frequency  of  approximately  I  in  10.  The 
samples  were  submitted  'T5lind"  to  the  analytical  laboratory.  All  of  the  samples  were 
received  intact  at  the  laboratory  in  accordance  with  chain-of-custody  procedures. 

One  field  duplicate  was  collected  from  CH-1  and  designated  CH-6.  A  stainless  steel 
cross  in  the  sample  tubing  was  used  to  collect  the  samples  simultaneously.  Relative 
percent  differences  (RPDs)  between  detected  compounds  ranged  between  zero  and 
32.6  percent.  The  field  duplicate  RPD  acceptability  criterion  for  measurements  in  air 
is  less  than  50  percent  (Table  4-3,  IRP  QAPP)  (Radian,  1992).  Therefore,  accept¬ 
ability  criteria  were  met  for  all  compounds  where  RPDs  could  be  calculated. 
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Table  A-8 

Summary  uf  Detected  VOCs 

December  1992  Soil  Vapor  Monitoring  Well  and  Piezometer  Sampling*’*' 

(pg/l) 

Well  and  Screened  Interval  (feet  bgs) 
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*Maximutn  detected  anal>ie  concentrations  are  listed  where  field  or  laboratory  duplicate  samples  were  analyzed. 

Samples  anal)'zed  by  GC/MS  in  accordance  with  EPA  Method  TO- 14. 

“^Compound  not  detected  above  quantitation  limit.  Quantitation  limits  vary  from  sample  to  sample  because  of  dilution  factors. 


One  field  blank  sample,  designated  CH-7,  was  collected  in  a  randomly-selected 
canister  using  ultra-high  purity  air.  Four  method  analytes  were  detected  in  the  field 
blank,  including:  chloroform  (2.4  ppbv),  trichloroethene  (18  ppbv),  toluene  (1.7  ppbv), 
and  tetrachloroethene  (20  ppbv). 


Table  A-9 

Summary  o'  Detected  Atmospheric  Gases 

December  1992  Soil  Vapor  Mobitoring  Well  Sampling 
(percent) 

Compound 

CH-l 

P.2M 

CH-3 

CH-4 

CH-S 

Oxygen 

15 

16 

16 

16 

- 

Nitrogen 

82 

82 

83 

82 

88 

Carbon  monoxide 

- 

- 

- 

- 

Methane 

- 

- 

- 

- 

1.5 

Carbon  dioxide 

2.5 

1.5 

1.2 

1.6 

10 

Total  nonmethane  hydrocarbons 

0.012 

0.011 

0.004 

0.004 

0.091 

^Compound  not  detected  above  quantitation  limit. 

Laboratory  QC  Samples.  Internal  laboratory  QC  samples  for  VOC  analysis  co*-  ;..ced 
of  a  laboratory  duplicate,  laboratory  blanks,  surrogate  spikes,  and  method  spikes. 
Laboratory  QC  for  the  analysis  of  atmosphere  gases  consisted  of  a  laboratory  dupli¬ 
cate,  method  spike,  and  a  laboratory  blank. 

One  laboratory  duplicate  sample  was  analyzed  from  the  canister  collected  at  CH-2. 
RPDs  between  compounds  detected  in  both  analyses  ranged  between  7.8  and  19.4 
percent.  The  acceptability  criterion  for  laboratory  duplicate  analyses  RPDs  is  less 
than  30  percent  (Radian,  1992).  Therefore,  acceptance  criteria  were  met  for  all  com¬ 
pounds  where  RPDs  could  be  calculated. 

Five  laboratory  blank  samples  were  analyzed.  No  method  analytes  were  detected  in 
any  of  the  samples. 

Spiked  analyses  consisted  of  surrogate  spikes  and  a  method  spike.  Each  field  sample 
and  laboratory  QC  sample  was  spiked  with  three  surrogate  compounds.  The 
surrogate  spike  recovery  acceptance  criterion  is  plus  or  minus  30  percent  (Radian, 
1992).  All  surrogate  spike  recoveries  were  within  quality  control  limits,  except  for  the 
recovery  of  surrogate  compound  tolucne-d8  in  CH-5.  Matrix  effects  in  this  sample 
resulted  in  a  surrogate  recovery  of  59  percent. 

All  method  spike  compounds,  except  Freon  1 14  (1,2-dichloro-l, 1,2,2- 
tetrafluoroethane)  (148  percent),  1,2,4-trichlorobcnzene  (40  percent),  and 
hexachlorobutadiene  (40  percent),  met  quality  control  acceptance  criteria  of  plus  or 
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minus  30  percent.  The  compounds  Freon  1 14,  1,2,4-trichlorobenzene  and 
hexachlorobutadiene  were  not  detected  in  anv  sample. 

For  atmospheric  gas  analyses,  one  laboratory  duplicate  sample  was  analyzed  for 
Sample  CH-5.  RPDs  ranged  from  zero  to  6.8  percent.  i\nalysis  of  the  laboratory 
blank  sample,  consisting  of  uitra-High  purity  nitrogen,  detected  100  percent  nitrogen 
and  no  other  compound. 
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Attachment  A-1 


TABLE  1 

SUMMARY  OF  ANALYTICAL  RESULTS 
GLOBAL  COMMUNICATIONS,  DAVIS  CA 
CONCENTRATIONS  REPORTED  AS  ugA. 
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TABLE  1 

SUMMARY  OF  ANALYTICAL  RESULTS 
GLOBAL  COMMUNICATIONS.  DAVIS.  CA 
CONCENTRATIONS  REPORTED  AS  ug/L 
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Table! 

Summary  of  Shallow  Soil  Gas  Data 
September  IS  to  October  6, 1992 
(parts  per  billioB-volume) 


Sample 


SGOl-10 


SG02-10 


SG03-10 


I  Vinyl 
I  Chloride 


1,1  DCE  ! 


<2.5  I 


<2.5 

<2.5 


Benzene 


5 


78 


66 


Toluene 


85 


183 


154 


Ethyl 

Benzene 


37 

58 


58 


m-  &  p- 
Xylenes 


37 

76 


71 


SG05-13 


SG06-10 


SG07-10 


SG08-05 


SG08-10 


SG08-20 


SG09-05 


SG09-10 


<2.5  I 


<2.5  ! 


<2.5  : 


<3.9 

_ 1 

8 

1  SGlO-10 

1-  .53  ?.  . 

<2.5 

L,  - - 

SGI  1-05 


SGll-IO 


SGI  1-20 


SG12-10 


SG13-05 


SG15.05 


SG15-10 


SGI  5-20 


SGI  6- 10 


1336  I 


<2.3 


0- 

Xvlene 


37 

53 


60 


SG04-10  ! 

<3.9 

<2.5 

<1.9 

<1.5 

85 

186 

64  9 

7  67 

SG05-10  ! 

<3.9  ! 

68 

503 

2064  j 

41 

32 

32  3 

5  39 

<3.1 

<2.7 

<2.3 

<2.3 

<2.3 

<3.1 

<2.7 

<2.3 

<2.3 

<2.3 

<3.1 

24 

<2.3 

14 

<2.3 

<3.1 

<r7 

<2.3 

<2.3 

<2.3 

<3.1 

H 

<2.3 

9 

<2,3 

<3.1 

<2,7.  . 

<2,3 

<2.3 

<2,3 

<3.1 

<2.7 

<2.3 

<2.3 

<2.3 

<3.1 

<2.7 

<2.3 

<2.3 

<2.3 

<3.1 

<2.7 

<2,3 

<2.3 

<2.3 

<3.1 

<2.7 

<2.3 

<2.3 

<2.3 

<3.1 

<2.7 

<2.3 

<2.3 

<2.3 

<3.1 

<2.7 

<2.3 

<2.3 

<2.3 

<3.1 

16 

16 

20 

18 

<3.1 

<2.7 

<2.3 

<2.3 

<2.3 

<2.7 

<2.3 

<2.3 

<2.3 

<2.7 

<2.3 

13 

<2.3 

<2.7 

<2l 

<2.3 

<2.3 

13 

<2.3 

12 

12 

151 

30 

90 

39 

table  2 

Summary  of  Shallow  Soil  Gas  Data 
September  15  to  October  6, 1992 
(parts  per  billioa>volume) 


Sample 

SG30-10 
SG30-20 
SG3I-10 
■■SG32-10 
SG33-10 
SG34-10 
SG35-10 
SG36-05 
SG36-20 
SG37.10 
SG38-10 
SG39-10 
SG40-10 
SG41-05 
SG41-20 
S<j42-20 
SG43-I0 
SG44-10 
SG43-10 
SG46-10 
RAO  1-05 
RA02-05 
RA03-05 


Vinyl 

Chloride 

<3.9 

<3.9 

<3.9 

<3.9 

<3.9 

<3.9 

<3.9 

<3.9 

<3.9 

<3.9 

<3.9 

<3.9 

<3.9 

<3.9 

<3.9 

<3.9 

<3.9 

<3.9 

<3.9 

<3.9 

<3.9 

<3.9 

<3.9 


1,1  DCE 

<2.5 

404 

<2.5 

<2.5 

<2.5 

<2.5 

<2.5 

303 

<2.5 

<2.5 

<2.5 

212 

<2.5 

<2.5 

<2.5 

<2.5 

13 

30 

23 

8 

<2.5 

<2.5 


5 


PCE 

4276 

16218 

9 
6 

<1.5 

<1.5 

78 

12975 

<1.5 

46 

52 

740 

31 

<1.5 

<1.5 

<1.5 

3 

6 

10 
7 

413 

<1.5 


<1,5 


<1.5 


Benzene 

<3.1 

16 

<3.1 

<3.1 

19 

<3.1 

22 

<3.1 

<3.1 

<3.1 

<3.1 

<3.1 

<3.1 

<3.1 

<3.1 

16 

3 

16 

16 

16 

16 

<3.1 


Toluene 

19 

13 

<2.7 

<2.7 

37 

19 

21 

<2.7 

<2.7 

<2.7 

<2.7 

<2.7 

<2.7 

<2.7 

<2.7 

29 

5 

29 

37 

37 

21 

<2.7 


Ethyl 

Benzene 

<2.3 

<2.3 

<2.3 

<2.3 

<2.3 

<2.3 

<2.3 

<2.3 

<2.3 

<2.3 

<2.3 

<2.3 

15 

<2.3 

<2.3 

<2.3 

7 

44 

55 

58 

<2.3 

<2.3 


m-  &  p- 
Xylenes 

“^2l 

12 

<2.3 

<2.3 

25 

<2.3 

12 

12 

<2.3 

<2.3 

<2.3 

<2.3 

<2.3 

<2.3 

<2.3 

16 


0- 

Xylene 


Sample  depths  are  coded  in  sample  location  number.  For  example.  Sample  SGO 1-10  indicates  location  0 1  at  a  depth  of 
For  field  duplicate  samples,  the  maximum  detected  analyte  concentration  is  given  (i.e.,  the  maximum  of  the  two  values). 


10  feet  bgs. 


:) 
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Attachment  A-2 


9308055  CH2MH1LL 


AIR  TOXICS  LTD. 


"PP  9, 1993 


AN  ENVIRONMENTAL  ANALYTICAL  LABORATORY 

WORK  ORDER#:  9308055 

Work  Order  Summary 


CHzM  HILL 

redding 


CLIENT:  Mr.  Loren  Krook  BILL  TO:  Same 

CH2MHill 
2525  Airpark  Drive 
Redding.  CA  95001 


PHONE:  916-243-5831 

FAX:  916-243-1654 

DATE  RECEIVED:  8/9/93 
DATE  COMPLETED:  8/30/93 


INVOICE  #  1593 
P.O.  i 

PROJECT  #  SAC28722.55. 10 
AMODNT$:  $1,475.00 


RECEIPT 


FRACTION  # 

NAME 

TEST  VAC./PRES. 

PRICE 

OlA 

P-3D-«* — j 

TO- 14 

13.5  "Hg 

$235.00 

02A 

P- 1 D  1  FielO  Oufi.ict.\rc. 

TO-14 

9.5  "Hg 

$235.00 

03A 

P-33D-J 

TO-14 

13.5  "Hg 

$235.00 

04A 

P-4D 

TO-14 

10.5  "Hg 

$235.00 

05A 

CH-10  /4 

TO-14 

5.0  "Hg 

$235.00 

06A 

Method  Spike 

TO-14 

NA 

NC 

07A 

Lab  Blank 

TO-14 

NA 

NC 

07B 

Lab  Blank 

TO-14 

NA 

NC 

07.:; 

Lab  Blank 

TO-14 

NA 

NC 

Mlsc.  Charges 

6  Liter  SUMMA  Canister  Preparation  (5)  &  $50.00  each. 

Flow  Controller  Preparation  (1)  @  $50.00  each. 

$250.00 

$50.00 

v  •  «  p-.^suiihle  La  ostfer  ta  produce  low  MDL'*. 

Q  Exce eda ■  Quail i y -Coa tr^  limit*  of  .-to :130%.  :■■■.  ....s.  i-  •  .  • 


CEimFlED  BY: 


Laboratory  Director 


180  BLUE  RAVINE  ROAD.  SUITE  0  •  FOLSOM.  CA  95630 
(916)985-1000  •  FAX  (916)985-1020 
Page  I 


9308055  CH2MHILL 


AIR  TOXICS  LTD. 

SAMPLE  NAME;  P-3D 
!D#;  9308055-01 A 

EPA  METHOD  TO- 14  GC/MS  FuU  Scan 


File  Name: 

Oil.  Factor: 

Compound 

S0S1S06 

12 

OeL  Limit 
(ppbv) 

Det.  Limit 
(uGA) 

Cate  of  Collection 
Date  of  Analysis: 
Amount 
(ppbv) 

:  8/»93 

mm3 

Amount 

(uGA) 

Freon  12 

6.0 

0.029 

Not  Detected 

Not  Detected 

Freon  114 

6.0 

0.041 

Not  Detected 

Not  Detected 

Chloromethane 

6.0 

0.012 

Not  Detected 

Not  Detected 

Vinyl  Chloride 

6.0 

0.015 

Not  Detected 

Not  Detected 

Bromomethane 

6.0 

0.023 

Not  Detected 

Not  Detected 

Chloroethane 

6.0 

0.015 

Not  Detected 

Not  Detected 

Freon  1 1 

6.0 

0.033 

Not  Detected 

Not  Detected 

1,1-Dichloroethena 

6.0 

0.023 

2900  E 

11  E 

Freon  113 

6.0 

0.045 

340 

2.5 

Methylene  Chlorida 

6.0 

0.020 

Not  Detected 

Not  Detected 

i,1-0ichlcroethano 

6.0 

0.024 

Not  Detected 

Not  Detected 

cis-1 ,2-Dtchloroethena 

6.0 

0.023 

16 

0.062 

Chloroform 

6.0 

0.029 

Not  Detected 

Not  Detected 

1 . 1 . 1  -T  richloroetnane 

6.0 

0.032 

120 

0.64 

Cartion  Tetrachlonde 

6.0 

0.032 

Not  Detected 

Not  Detected 

Benzene 

6.0 

0.019 

IS 

0.047 

1 ,2-Oichloroethane 

8.0 

0.024 

Not  Detected 

Not  Detected 

Trichlofoethene 

6.0 

0031 

2000  E 

10E 

1 .2-Dichloropfopane 

60 

0.027 

flot  Detected 

Not  Detected 

cis-1 .3-Oichloropropena 

6.0 

0.027 

Not  Detected 

Not  Detected 

Toluene 

6.0 

0022 

390 

1.4 

trans-1 ,3-Oichloroorooene 

6.0 

0.027 

Not  Detected 

Not  Detected 

1,1,2-Trich(oroethane 

6.0 

0.032 

Not  Delected 

Net  Detected 

Tetrachloroethene 

6.0 

0.040 

44000  E 

290  E 

Ethylene  Oibromide 

6.0 

0045 

Not  Detected 

Not  Detected 

Chlorobenzene 

6.0 

0.027  ' 

Not  Detected 

Not  Detected 

Ethyl  Benzene 

6.0 

0.025 

Not  Detected 

Not  Detected 

m.p-Xylene 

6.0 

0.025 

Not  Detected 

Not  Detected 

o-Xylene 

6.0 

0.025 

Not  Detected 

Not  Detected 

Styrene 

6.0 

0.025 

Not  Detected 

Not  Detected 

1 , 1 ,2.2-T  etrachloroethane 

6.0 

0.040 

Not  Detected 

Not  Detected 

1 ,3.5-Trimelhylbenz9ne 

60 

0.029 

Not  Detected 

Not  Detected 

1 ,2.4-Tnnneihyi0enz6ne 

60 

0.029 

Not  Delected 

Not  Detected 

1 ,3-Uichlorobenzone 

6.0 

0.035 

Not  Detected 

Not  Detected 

1 .4-Oichlorobanzene 

6.0 

0.035 

Not  Detected 

Not  Detected 

Chlorotoluene 

6.0 

0.030 

Not  Detected 

Not  Delected 

1 ,2-Dichlorobenzeoe 

6.0 

0.035 

Not  Detected 

Not  Detected 

1 ,2,4-Trichlo.'Obenzene 

6.0 

0  043 

Not  Detected 

Not  Detected 

Hexachiorobutadiene 

60 

0.062 

Not  Detected 

Not  Detected 

E  a  Exceeds  Instrument  calibration  range,  but  witMn  linear  range. 

Container  Type:  6  Uter  SUMMA  Canister 

SuiTogates 

tfciilOOYinf 

llAthod  Limits 

Octsfluorotoluene 

100 

70-1M 

Toluene-dS 

106 

70-130 

441rafnofluorobartian« 

M 

70-130 

Pai?c  2 


9308055  CH2IV1HILL 


AIR  TOXICS  LTD. 

SAMPLE  NAME:  P-ID 
ID#;  9308055-02A 

EPA  METHOD  TO-14  GC/MS  Pnfl  Scan 


Fi!3  Nama: 

Dli.  Factor: 

Compound 

5081704 

16 

Oet.  Limit 
(ppbv) 

Oat  Umit 
(uCA) 

Data  of  Collaction 
Data  of  Analysis: 
Amount 
(ppbv) 

:  8/5/93 

8/17/93 

Amount 

(uGA.) 

Freon  12 

6.0 

0.039 

Not  Detected 

Not  Detected 

Freon  1 14 

80 

0  055 

Not  Detected 

Not  Detected 

Chlororr.ethane 

8.0 

0.016 

Not  Delected 

Not  Detected 

Vinyl  Chioride 

80 

0.020 

20 

0.050 

Bromomeinane 

80 

0.C3O 

Not  Delected 

Not  Detected 

Chloroethane 

80 

0.02t 

Not  Detected 

Not  Detected 

Freon  1 1 

80 

OOU 

Not  Detected 

Not  Detected 

1,1-Dichloroethene 

8.0 

0031 

5800E 

22  E 

Freon  1 1 3 

80 

0060 

2400  E 

18E 

Methylene  Chloride 

80 

oce7 

Not  De'ected 

Not  Detected 

1,1-Dichloroeihane 

8.0 

0032 

Not  Detected 

Not  Detected 

CIS- 1 ,2-Oichioroethene 

8.0 

0031 

64 

0.25 

Chloroform 

8.0 

0038 

80 

0.038 

I.l.l-Trichloroethana 

80 

0.043 

130 

0.69 

Carbon  Tetrachlor.de 

8.0 

0043 

Not  Detected 

Not  Detected 

Benzene 

80 

0025 

37 

0.12 

1,2-Dichloroeihana 

80 

0-C32 

Not  Detected 

Not  Detected 

Tnchloroethena 

8.0 

0  042 

3200E 

17E 

1.2-Oichloropropane 

8.0 

0.036 

Not  Delected 

Not  Detected 

CIS-1 ,3-Dichloropropene 

80 

0.C35 

Not  Detected 

Not  Detected 

Toluene 

80 

0'329 

35 

0.13 

trans-1 ,3-OichtorODropene 

80 

0035 

Not  Detected 

Not  Detected 

1,1  2-Tnchioroelhane 

80 

0043 

Mot  Detected 

Not  Detected 

Tetrachloroethena 

80 

0053 

98000  E 

650  E 

Ethylene  Oibromida 

80 

0060 

Not  Detected 

Not  Detected 

Chlorobenzene 

80 

0036 

Not  Detected 

Not  Detected 

Ethyl  Benzene 

8.0 

0034 

Not  Delected 

Not  Detected 

m.p-Xylene 

80 

0034 

Not  Detected 

Not  Delected 

o-Xylene 

80 

0034 

Not  Delected 

Not  Detected 

Styrene 

80 

0.033 

Not  Detected 

Not  Detected 

1 , 1 .2.2-Tetrachloroalhane 

80 

0054 

Not  Detected 

Not  Delected 

1 ,3,5-Trimethylbenzena 

80 

0038 

Not  Detected 

Not  Detected 

1 ,2,4-Trimethylbenzen9 

80 

0038 

Not  Detected 

Not  Detected 

1 .3-Oichlofobenzene 

8.0 

0047 

Not  Detected 

Not  Detected 

1,4-Dtchlorobenzena 

80 

0047 

Not  Detected 

Not  Detected 

Chlorotoluene 

80 

0040 

Not  Detected 

Not  Detected 

1,2-Oichlorobenzene 

80 

0047 

Not  Detec<ed 

Not  Detected 

1 .2,4-rnchlorobanzen9 

80 

0058 

Not  Detected 

Not  Detected 

Hexachlorobuiadiena 

80 

0083 

Not  Detected 

Not  Delected 

E  m  Excaadt  Inatrumant  caMbralton  ranqa,  but  wttbln  llnaar  ran^ai 

Conlalnar  Typa;  S  Lttar  SUMMA  Canlatar 

SumwfllM 

'  . 

MamodJUinlla 

OcUffuorololuana 

103 

70-130 

Toluatto-dS 

103 

70-130 

4-Bromo<1uorob«nzarta 

»1  * 

■- 

70-130 

Pa«c  3 


9308053  CH2MHILL 


AIR  TOXICS  LTD. 

SAMPLE  NAME:  P-33D 
ID#:  9308055-03A 

EPA  METHOD  TO- 14  GC/MS  FuU  Scan 


File  Nam*: 

Oil.  Facton 

Compound 

5081705/5081707 

6.6/610 

Oet  Limit 

(PPb*) 

Oet.  Limit 
(uGA.) 

Data  of  Collection 
Date  of  Analysis: 
Amount 
(ppbv) 

:  8/5/93 

8/17/93 

Amount 

(uG/L) 

Freon  12 

3.3 

0.016 

Not  Oetecled 

Not  Detected 

Freon  114 

3.3 

0.023 

Not  Detected 

Not  Detected 

Chloromethane 

3.3 

0.007 

Not  Detected 

Not  Detected 

Vinyl  Chtonde 

3.3 

0.008 

Not  Detected 

Not  Detected 

Bromomethane 

3.3 

0.013 

Not  Detected 

Not  Detected 

Chloroethane 

33 

0.009 

Not  Detected 

Not  Detected 

Freon  1 1 

3.3 

0.018 

Not  Detected 

Not  Detected 

1,1-Dichloroethena 

3.3 

0.013 

2600  E 

10E 

Freon  1 1 3 

3.3 

0.025 

320 

2.4 

Methylene  Chloride 

3.3 

0.01 1 

Not  Detected 

Not  Detected 

1.1-Dichlofoethane 

3.3 

0013 

3.6 

0.014 

cis-1 ,2-Oichloroethene 

3.3 

0.013 

13 

0.070 

Chlorotomi 

3.3 

0.016 

Not  Detected 

Not  Detected 

1 , 1 , 1  -T  richlofoethane 

3.3 

0.018 

110 

0.59 

Carbon  Tetrachlonda 

3.3 

0.018 

Not  Detected 

Not  Detec'ed 

Senzerte 

3.3 

0.010 

12 

0.037 

1 ,2-Oichloroethana 

3.3 

0.013 

Not  Detected 

Not  Detected 

Trichloroethena 

3.3 

0.017 

1900e 

1GE 

1 ,2-DichloropfOpane 

3.3 

0.015 

Not  Detected 

Not  Detected 

CIS- 1 .3-Oichloropropene 

3.3 

0.015 

Not  Oetecled 

Not  Detected 

Toluene 

3.3 

0.012 

280 

.  1.0 

trans-1 ,3-OtchlOfOoropene 

3.3 

0.015 

Not  Detected 

Not  Detected 

1 , 1 .2-T  richloroethane 

33 

0.018 

Not  Detected 

Not  Detected 

T  elrachloroethene 

310 

2.1 

36000  E 

240  E 

Ethylene  OibfonwJe 

3.3 

0.025 

Not  Detected 

Not  Detected 

Chlorobenzene 

3.3 

0015 

Not  Detected 

Not  Detected 

Ethyl  Benzene 

3.3 

0.014 

Not  Detected 

Not  Delected 

m,p-Xylene 

3.3 

0.014 

6.6 

0.036 

O-Xylene 

3.3 

0.014 

3.5 

0.015 

Styrene 

33 

0.014 

Not  Detected 

Mot  Detected 

1 , 1 ,2,2-Tetrachlonjethane 

33 

0.022 

Not  Detected 

Not  Detected 

1 ,3,5*Tnmethylbenzene 

33 

0016 

Not  Detected 

Not  Detected 

1 ,2.4-Tnmathytbenzene 

33 

0.016 

Not  Detected 

Not  Detected 

1 ,3-Oichlorobenzene 

33 

0.019 

Not  Detected 

Not  Detected 

1 ,4'Oichlorobenzene 

3.3 

0.019 

Not  Detected 

Not  Detected 

Chlorotoluerw 

33 

0.017 

Not  Detected 

Not  Detected 

1 ,2-Oichlorobenzene 

33 

0019 

Not  Detected 

Not  Detected 

1 ,2,4-T  richlorobenzene 

33 

0.024 

Not  Detected 

Not  Detected 

HexachlorotHJtadiene 

33 

0034 

Not  Detected 

Not  Detected 

E  m  Exceeds  Inatrument  celibraMon  renge,  but  urMibi  Hnear  range. 

Container  Type:  6  Liter  SUMMA  Canister 

Comments:  The  second  (lie  name  and  dilution  (actor  are  for  Tatrachloroethene  oniy. 

Suoastitt 
Ootafluoraloluene 
Toluerte  d> 

44tromofluorotienzane 

.  %  Bacniiery 
lOO/m 
1Q2/1M  „ 

89/m 

MefhQdLImttB 

70-130 

70-130 

70-130 

Page  4 


9308055  CH2MHILL 


AIR  TOXICS  LTD. 

SAMPLE  NAME;  P-4D 
ID#;  93C8055-04A 

EPA  METHOD  TO- 14  GC/MS  Full  Scan 


File  Name: 

Dll.  Factor 

Compound 

5081706 

14 

Oet.  Limit 
(ppbv) 

DeL  Limit 
(uGA) 

Date  of  Collection 
Date  of  Analysis: 

Amount 

(ppbv) 

:  8/5/93 

8/17/93 

Amount 

(uGA) 

Freon  12 

7.0 

0  034 

Not  Detected 

Not  Detected 

Freon  1 14 

7.0 

0.048 

Not  Detected 

Not  Detected 

Chloromethane 

7.0 

0.014 

Not  Detected 

Not  Detected 

Vinyl  Chloride 

70 

0.017 

Not  Detected 

Not  Detected 

Bromomethane 

7.0 

0027 

Not  Delected 

Not  Detected 

Chloroethane 

7.0 

0013 

Not  Detected 

Not  Detected 

Freon  1 1 

70 

0.038 

No!  Detected 

Not  Detected 

1,1-Dichloroethena 

7.0 

0  027 

4900  E 

19E 

Freon  113 

7.0 

0.052 

12 

0.090 

Methylene  Chloride 

7.0 

0.024 

Not  Detected 

Not  Detected 

1,1-Dichlorcethane 

70 

0.028 

28 

0,11 

CIS- 1 .2-Oichlorcethene 

7.0 

0  027 

420 

1.6 

Chloroform 

7.0 

0.035 

Not  Detected 

Not  Detected 

1,1,1-Trichloroethane 

7.0 

0037 

36 

0.19 

Carbon  Tetrachlonde 

70 

0  037 

Not  Detected 

Not  Detected 

Benzene 

70 

0.022 

44 

0.14 

1 ,2-Oicnioroe  thane 

7.0 

0  028 

Not  Detected 

Not  Detected 

Trichioroethene 

70 

0037 

11000E 

58  E 

1,2-Oichloropropane 

7.0 

0  032 

9.2 

0.042 

cis-1.3-Dichloropropene 

70 

0031 

Not  Detected 

Not  Detected 

Toluene 

70 

0.026 

1300 

4  8 

trans-1 ,3-Oichloropropone 

7.0 

0.031 

Not  Detecied 

Not  Delected 

1,1,2-Trichloroe'hane 

70 

0037 

Not  Detected 

Not  Detected 

Tetrachioroethene 

70 

0  046 

57000  E 

380  C 

Ethylene  Oibromide 

70 

0  053 

Not  Detected 

Not  Detected 

Chioiobenzene 

70 

0.031 

Not  Delected 

Not  Detected 

Ethyl  Benzene 

70 

0030 

Not  Detected 

Not  Detected 

m,p-Xyleno 

7.0 

0.030 

Not  Detected 

Not  Detected 

o-Xylene 

70 

0030 

Not  Delected 

Not  Delected 

Styrene 

7.0 

0029 

Not  Detected 

Not  Delected 

1 , 1 .2.2-Tetrachloroethane 

7.0 

0.047 

Not  Detected 

Not  Detected 

1 ,3.5-Trimethylbenzene 

70 

0034 

Not  Delected 

Not  Delected 

1 ,2.4-Trimethyibenzefie 

7.0 

0034 

Not  Detected 

Not  Delected 

1 ,3-Oichiorobenzene 

70 

0  041 

Not  Detected 

Not  Detected 

1 .4-Oichlorobenzone 

70 

0  041 

Not  Detected 

Not  Detected 

Chlorotoluene 

70 

0035 

Not  Delected 

Not  Delected 

1 .2-Dichlorcf3enzene 

70 

0041 

Not  Detected 

Not  Detecied 

1 .2.4-Trichlorotoenzene 

70 

0  051 

Not  Delected 

Not  Detected 

Hexachlorobutadiene 

70 

0073 

Not  Detected 

Not  Detected 

E  ■  Exceeds  Inatrumeni  caiitKedon  range,  but  witliln  linear  range. 

Container  Type:  8  Liter  SUMMA  Canialer 

Surrogatea 

rkBKooiaa. 

Ocunuorotoluerte 

100 

70-130  • 

ToluenenlQ 

103 

70-130 

A-BromofluorobenzMie 

91 

70-130 

I’aqe  5 


9308055  CH2MH1LL 


AIR  TOXICS  LTD. 

SAMPLE  NAME;  CH-10 
ID#:  9308055-05A 

EPA  METHOD  TO*  14  GC/MS  Full  Scan 


File  Name: 

OiL  Factor 

Compound 

5081408 

1.6 

Oet  Limit 
(ppbv) 

Oet.  Limit 
(uGA) 

Data  of  CoUectiofl 
Data  of  Analysis: 
Amount 
(ppbv) 

:  a/5«3 

8/14/93 

Amount 

(uG/L) 

Freon  12 

0.80 

0.004 

Not  Detected 

Not  Detected 

Freon  114 

0.80 

0,005 

Not  Detected 

Not  Detected  ’ 

Chloromethane 

0.80 

0.002 

Not  Detected 

Not  Detected 

Vinyl  Chloride 

0.80 

0.002 

Not  Detected 

Not  Detected 

Bromomethane 

0.80 

0.003 

Not  Detected 

Not  Detected 

Chloroethane 

0.80 

0.002 

Not  Detected 

Not  Detected 

Freon  1 1 

0.80 

0.004 

Not  Detected 

Not  Detected 

1,1-Dichloroethene 

0.80 

0.003 

Not  Detected 

Not  Detected 

Freon  113 

0.80 

0.006 

Not  Detected 

Not  Detected 

Me'h','ienf>  Chloride 

0.80 

0.003 

Not  Detected 

Not  Detected 

1,1-Dichloroethane 

0.80 

0.003 

Not  Deterged 

Not  Detected 

ds-1 ,2-Dichloroethene 

0.80 

0.003 

Not  Detected 

Not  Detected 

Chloroform 

0.80 

0.004 

^ot  Detected 

Not  Detected 

1,1,1  -Trichlofoethane 

0.80 

0.004 

Not  Detected 

Not  Detected 

Carton  Tetrachlonde 

0.80 

0.004 

Not  Defected 

Not  Delected 

Benzene 

0.80 

0.002 

Not  Detected 

Not  Detected 

1 ,2-Oichloroethane 

0.80 

0,003 

Not  Detected 

Not  Detected 

Trichioroethene 

0.80 

0004 

Not  Detected 

Not  Detected 

1,2-Oiohloropropana 

0.80 

0.004 

Not  Detected 

Not  Detected 

cis-1 ,3-Oichioroprooene 

0.80 

0.004 

Not  Detected 

Not  Detected 

Toluene 

0.80 

0  003 

Not  Defected 

Not  Detected 

trans- 1  .S-Oichloropropene 

0.80 

0,004 

Not  Ooiecied 

Not  Detected 

1 , 1 ,2-T  richloroethane 

0.60 

0,004 

Not  Detected 

Not  Detected 

Tefrachloroethene 

0.80 

0.005 

Not  Detected 

Not  Detected 

Ethylene  Dibromide 

0.60 

0.006 

.Not  Detected 

Not  Detected 

Chlorobenzene 

0.80 

0  004 

Not  Detected 

Not  Detected 

Ethyl  Benzene 

0.80 

0.003 

Not  Detected 

Not  Detected 

m,p-Xylene 

•0.80 

0.003 

Not  Detected 

Not  Detected 

0-Xylene 

0.60 

0.003 

Not  Detected 

Not  Detected 

Styrene 

0.80 

0,003 

Not  Detected 

Not  Detected 

1 , 1 ,2,2-T  etrachloroethane 

0,60 

0,005 

Not  Detected 

Not  Detected 

1 ,3,5-Trlmethylbenzene 

0.80 

0.004 

Not  Detected 

Not  Detected 

1 ,2,4-Trimethylbenzene 

080 

0004 

Not  Detected 

Not  Detected 

1 ,3-Oichlorobenzene 

0.80 

0.005 

Not  Detected 

Not  Detected 

1 ,4-Dichlorobenzerie 

080 

0005 

Not  Delected 

Not  Detected 

Chlorotoluene 

0.80 

0.004 

Not  Detected 

Not  Detected 

1 ,2-Dichiorobenzeoe 

0.80 

0.005 

Not  Detected 

Not  Detected 

1 ,2,4-T  richlorobenzene 

080 

0006 

Not  Delected 

Not  Detected 

Hexachtorobutadiene 

0.80 

0.008 

Not  Detected 

Not  Detected 

Container  Type:  6  Ulor  SUMMA  Canister 

Suastsutt  . 

SkfifBoxaa 

Method  Limits 

Odafluorotofuane  ' 

103 

7tM3ai 

• 

Tohiana-d8 

103 

70-130 

<C-BromofliiorobsnMna 

M- 

' 70d80~ 

Pajic  6 


9308055  CH2.VIH1LL 


AIR  TOXICS  LTD. 

SAMPLE  NAME:  Method  Spike 
ID#:  9308055-06A 


File  Name: 

Oil.  Factor 

Compound 

EPA  METHOD  TO- 14  GC/MS  Foil  Scan 

5C81702 

1.0 

Oet.  Limit  DeL  Limit 

(ppbv)  (uG/L) 

Date  at  Collection: 
Date  of  Analysis: 

%  Recovery 

Freon  12 

0.50 

0.CO2 

96 

Freon  1 14 

0  50 

0CO3 

96 

Chloromethane 

0.50 

0  001 

96 

Vinyl  Chloride 

0.50 

0001 

97 

Bromorneihane 

050 

0  002 

99 

Chloroethane 

0  50 

0001 

92 

Freon  1 1 

0.50 

0003 

94 

l.l-Dichloroethene 

0.50 

0002 

99 

Freon  113 

0.50 

0  004 

98 

Methylene  Chloride 

0  50 

0002 

92 

1,1-Dichloroethane 

0  50 

0002 

96 

cis- 1 ,2-Diohioroeihene 

0  50 

0002 

92 

Chloroform 

0  50 

0002 

97 

I.I.I-Trichloroethana 

0  50 

0.003 

99 

Carbon  Tetrachlonde 

0  50 

0003 

92 

Benzene 

050 

0002 

98 

1,2-Oichlc.oethana 

0.50 

0002 

94 

Tnchloroethene 

050 

0003 

101 

1.2-Oichlorooropane 

0.50 

0  002 

96 

cis-1  .S-DIchiorop'opene 

0  50 

0002 

86 

Toluene 

0  50 

0  002 

103 

trans-1 .3-OichlQropropene 

0  50 

0002 

78 

1,1,2-Trich!oroe(hane 

0  50 

0  003 

91 

Tetrachloroethene 

0.50 

0003 

99 

Ethylene  Oibromide 

0.50 

0004 

34 

Chlorobenzene 

0  50 

0002 

86 

Ethyl  Benzene 

0  50 

0.002 

94 

m.p-Xylene 

0.50 

0  002 

92 

o-Xylene 

0  50 

0002 

90 

Styrene 

0.50 

0002 

78 

1 , 1 ,2,2-  T  eirachloroethane 

0  50 

0003 

84 

1 ,3.5-T  nmethylbenzene 

050 

0  002 

83 

1 ,2.4-T  rimethyibenzene 

050 

0002 

78 

1 ,3-Oichiorobenzene 

0  50 

C003 

S4Q 

1 ,4-Dichlorobenzen« 

050 

0003 

60Q 

Chlorotoiuene 

0  50 

0003 

Not  Spiked 

1 ,2-Dichlorot)6nzena 

050 

0003 

62  Q 

1 .2.4-TrH;hlofob6nzet>e 

050 

0004 

47  Q 

Hexachlorobuladiena 

0  50 

0005 

87 

Q  M  Exceadu  Quality  Control  llmita  of  70%  to  130%. 

Container  Typo;  NA 

SWOflAtM 

XJBfglVlfY 

MUiad  Uintf 

Octafluorotokian* 

M 

7«M30 

Toiu«n*-d8 

103 

70-130 

4-Bromofiuorob«nzan« 

99 

70-130 

Paf’c  7 


9308055  CH2MHiLL 


AIR  TOXICS  LTD. 

SAMPLE  NAME;  Lab  Blank 
ID#:  9308055-07A 

EPA  METHOD  TO- 14  GC/MS  Full  Scan 


Filo  Narra: 

OIL  Facton 

Compound 

5081403 

1.0 

Oet.  Limit 
(ppbv) 

Oet  Limit 
(uG/L) 

Date  of  Collection 
Date  of  Analysis: 
Amount 
(ppbv) 

:  NA 

8/14/93 

Amount 

(uG/L) 

Freon  12 

0.50 

0.002 

Not  Detected 

Not  Detected 

Freon  114 

0.50 

0.003 

Not  Detected 

Not  Detected 

Chloromethans 

0.50 

0.001 

Not  Detected 

Not  Detected 

Vinyl  Chloride 

0.50 

0.001 

Not  Detected 

Not  Detected 

Bromomethane 

0.50 

0.002 

Not  Detected 

Not  Detected 

Chloroethane 

0.50 

0.001 

Not  Detected 

Not  Detected 

Freon  1 1 

0.50 

0.003 

Not  Detected 

Not  Detected 

1.1-Oichloroethene 

0.50 

0.002 

Not  Detected 

Not  Detected 

Freon  1 1 3 

0.50 

0.004 

Not  Detected 

Not  Detected 

Methylene  Chloride 

0.50 

0.002 

Not  Detected 

Not  Detected 

l.l-Dichloroethane 

0.50 

0.002 

Not  Detected 

Not  Detected 

cia-1 ,2-Dichloroethene 

0.50 

0.002 

Not  Detected 

Not  Detected 

Chlorofonn 

0.50 

0.002 

Not  Detected 

Not  Detected 

1 , 1 , 1 -Trichloroethane 

050 

0.003 

Not  Detected 

Not  Detected 

Carbon  Tetrachloride 

0.50 

0.003 

Not  Detected 

Not  Detectea 

Benzene 

0  50 

0.002 

Not  Delected 

Not  Detected 

1 ,2-Oichloroatn&na 

0.50 

0.002 

Not  Detected 

Not  Detected 

Trichloroethane 

0.50 

0.003 

Not  Detected 

Not  Detected 

1 ,2-Dichloropropane 

050 

0002 

Not  Detected 

Not  Detected 

CIS-1 ,3-Dichloroorooene 

0.50 

0.002 

Not  Detected 

Not  Detected 

Toluene 

0.50 

“0.602 

Not  Detected 

Not  Detected 

trans-1 .3-Oichloropropene 

0.50 

0.002 

Not  Detected 

Not  Detected 

1,1,2-Trichlorofethane 

050 

0,003 

Not  Detected 

Not  Detected 

Tetrachioroethene 

0.50 

0003 

Not  Detected 

Not  Detected 

Ethylene  Oibromide 

0.50 

0.004 

Not  Detected 

Not  Detected 

Chlorobenzene 

. "6.50 

0.002 

Not  Detected 

Not  Detected 

Ethyl  Benzene 

050 

0.002 

Not  Detected 

Not  Detected 

m,p-Xylene 

0.50 

0002 

Not  Detected 

Not  Detected 

o-Xyiene 

0.50 

0002 

,  Not  Detected 

Not  Detected 

Styrene 

0.50 

0.002 

Not  Detected 

Not  Detected 

1 ,1 .2.2-TafrachK3roethane 

0.50 

0.003 

Not  Detected 

Not  Detected 

1 ,3,5-TrimethylbenZ6ne 

0.50 

0002 

Not  Detected 

Not  Delected 

1 ,2,4-T  rimethylbenzene 

050 

0.002 

Not  Detected 

Not  Detected 

1 . 3-Dk:hloroben?»»ne 

0.50 

0003 

Not  Detected 

Not  Detected 

1 .4-Oichlcrobenzene 

0.50 

0003 

Not  Detected 

Not  Delected 

Chlorotoluene 

0.50 

0,003 

Not  Detected 

Not  Detected 

1 .2-Oichlorobenzene 

0.50 

0.003 

Not  Detected 

Not  Detected 

1 ,2,4-Trichlorobenzene 

0.50 

0.004 

Not  Detected 

Not  Detected 

Hexachlorobutadiene 

0.50 

0.005 

Not  Detected 

Not  Detected 

Container  Type*  NA 

SunaoslAa 

OctatIuorotoltMn* 

Totu«n*<d9 

%RaegiwaY 

104 

100 

Method  Limits . 

70.130 

70-130 

- 

4-Oromottuorobenzan« 

87 

70-130 

PURC  8 


‘V'^08055  CH2MH1U. 


AIR  TOXICS  LTD. 

S.‘VMPLE  NAME:  Lab  Blank 
ID#:  9308055-07B 

EPA  METHOD  TO- 14  GC/MS  FuU  Scan 


File  Name: 

Oil.  Factor 

Compound 

5081634 

1.0 

Oet.  Limit 
(ppbv) 

Def.  Limit 
(uG/L) 

Data  of  Collection 
Data  of  Analysis; 
Amount 
(ppbv) 

:  NA 

6/16/93 

Amount 

(uG/L) 

Frecn  12 

0.50 

0  032 

Not  Detected 

Net  Detected 

Freon  1 14 

0  50 

0  003 

Not  Detected 

Not  Detectec 

Chlcromeihane 

0.50 

0  001 

Not  Detected 

Not  Detecteo 

Vinyl  Cr.loride 

0.50 

0.001 

Not  Detected 

Not  Detected 

l3romomettiane 

0.50 

C-'X12 

Not  Detected 

Not  Detected 

Chioroethane 

0.50 

0  001 

Not  Detected 

Not  Detected 

Freon  1 1 

0  50 

0  003 

Not  Detected 

i-idt  Detected 

1 ,1-Dichloroetnene 

0  50 

0  002 

Not  Detected 

Not  Detected 

Freon  113 

0.50 

0,004 

Not  Detected 

Not  Delected 

Methylene  ChloiiJd 

0  50 

0  002 

Not  Detected 

Not  Detected 

1,1-Dichloroetnana 

0  50 

0  002 

Not  Deiected 

Not  Detectec 

CIS-1 .2-Dichloroethene 

0  50 

0  002 

Mot  Detected 

Not  Detectec 

Chloroform 

0  50 

0  002 

Not  Detected 

Not  Detec'ec 

1,1,1-Trichloroethane 

0  50 

0  003 

Not  Detected 

Not  Detectec 

Carbon  Tetrachinnae 

050 

0.003 

Not  Delected 

Not  Detectec 

Benzene 

0  50 

0X2 

Not  Detected 

Not  Detectec 

1.2-Dichloroethane 

0.50 

0X2 

Not  Detected 

Not  Detectec 

■'■fichloroethene 

0.50 

0X3 

Not  Detected 

Not  Detectec 

1,2-Oichloropropano 

0  50 

C.X2 

Not  Detecied 

Mot  Da'ccicc 

CIS- 1 .3-Oichloropropene 

0.50 

0X2 

Not  Delected 

Not  Detectec 

Toiuene 

0  50 

0X2 

Not  Detected 

Not  Detectec 

Irans-1 ,3-Dichloropropan8 

0  50 

0X2 

Not  Detected 

Not  Deiectei 

l,l,2Tricnloroethane 

0  50 

0X3 

Not  Detected 

Not  Detectei 

Tetrachioroeihene 

0  50 

0X3 

Not  Detected 

Not  Detectec 

Ethylene  Oibromipe 

0  50 

0  004 

Not  Delected 

Not  Detectec 

Chlorobenzene 

0  50 

0X2 

Not  Delected 

Not  Detectec 

Ethyl  Benzene 

0  50 

0X2 

Not  Detected 

Not  Detectec 

m.p-Xylene 

0  50 

0.X2 

Not  Detect  ad 

Not  Detectec 

o-Xylene 

0  50 

0X2 

Not  Delected 

Not  Detectec 

Styrene 

0  50 

0X2 

Not  Detected 

Not  Detectec 

1,1,2,2-Tetrachloroethana 

0  50 

0X3 

Not  Detecied 

Not  Detectec 

1 ,3.5-Trimethylbenzene 

050 

0X2 

Not  Detected 

Not  Detectec 

1 ,2.4-Trimethyibenzene 

0  50 

0X2 

Not  Delected 

Not  Detectec 

1 ,3-Oichlorobenzene 

0  50 

0X3 

Not  Deiected 

Not  Oetecte^ 

1 ,4-Oichiorobenzene 

0  50 

0X3 

Not  Detected 

Not  Detectec 

Chlorotoluone 

0  50 

0X3 

Not  Detected 

Not  Detectec 

1 ,2-Oichlorobenzeno 

050 

0X3 

Not  Detected 

Not  Detectec 

1.2,4-Tnchlorobenzene 

0  50 

0004 

Not  Detected 

Not  Detectec 

Hexachiorobutadiene 

0  50 

0X5 

Not  Detected 

Not  Detectec 

ConUiner  Type:  NA 

SuUBflIltAt 

%  RecQYQfy 

M«t}iod  Umlta 

OctofluorotoliMn* 

104 

rtvi30 

Tolu«r>*-<l8 

104 

70-130 

4-arontonuorolMnzarM 

69 

70130 

9308055  CH2MHILL 


AIR  TOXICS  LTD. 

SAMPLE  NAME;  Lab  Blank 
IP#:  9308055-07C 


File  Name: 

Oil.  Facton 

Compound 

EPA  METHOD  TO'14  GC/MS  Full  Scan 

S0B1703 

1.0 

Oet.  Limit  Oet.  Limit 

(ppbv)  (uSA) 

Date  of  Coltection;  NA 

Date  of  Analysis:  8/17.'93 

Amount  Amount 

(ppbv)  (uGA) 

Ffeon  12 

0.50 

0.002 

Not  Detected 

Not  Detected 

Freon  114 

0.50 

0.003 

Not  Detected 

Not  Detected 

Chloromethane 

0.50 

0  001 

Not  Detected 

Not  Detected 

Vinyl  Chloride 

050 

0.001 

Not  Detected 

Not  Detected 

Bromo  methane 

0.50 

0  002 

Not  Detected 

Not  Detected 

Ci.loroelhane 

050 

0  001 

Not  Detected 

Not  Detected 

Freon  1 1 

0  50 

0  003 

Not  Detected 

Not  Dete  :ted 

1.1-Dichloroethene 

0.50 

0  002 

Not  Detected 

Not  Detected 

Freon  113 

050 

0  004 

Not  Detected 

Not  Delected 

Methylene  ChionCe 

050 

0  002 

Not  Delected 

Not  Detected 

1,1-Dichloroainane 

0.50 

0  002 

Not  Detected 

Not  Detected 

CIS- 1 ,2-Dichlorovthene 

0  50 

0  002 

Not  Detected 

Not  Detected 

Chloroform 

050 

0  002 

Not  Detected 

Not  Detected 

1,1,1-Trichlcroeihane 

050 

0.003 

Not  Delected 

Not  Defected 

Carbon  Terracnionde 

0  50 

0  003 

Not  Detected 

Not  Detected 

Benzene 

0  50 

0.002 

Not  Delected 

Not  Detected 

1.2-Oichloroethane 

0.50 

0002 

Not  Detected 

Not  Detected 

Tnchloroethene 

050 

0  003 

Not  Delected 

Not  Diiiecfed 

1.2-0ichloroo.'oaane 

0.50 

0  002 

Not  Detected 

Not  Detected 

CIS- 1 .3-OiChicrr;rropene 

050 

0  002 

Not  Detected 

Not  Detected 

Toluene 

0.5C 

0  002 

Not  Detected 

Not  Detected 

trans- 1 ,3-OiChiorsproDene 

05h 

0  002 

Not  Detected 

Not  Detected 

1,1.2-Tnchiorceinane 

0  50 

0  003 

Not  Detected 

Not  Detected 

Tetracnioroetnene 

0  50 

0  003 

Not  Delected 

Not  Detected 

Ethylene  Dibrnmido 

050 

0  004 

Not  Detected 

Not  Detected 

Chlorobenzene 

0  50 

0  002 

Not  Detected 

Not  Detected  _ 

Ethyl  Benzene 

050 

0  002 

Not  Detected 

Not  Detected 

m.p-Xylene 

0  50 

0  002 

Not  Detected 

Not  Detected 

o-Xylene 

05C 

0  002 

Not  Detected 

Not  Detected 

Styrene 

0  50 

0  002 

Not  Detected 

Not  Detected 

1 , 1 ,2,2'T>;trachoroethane 

0  50 

0  003 

N..V  Detected 

Not  Detected 

1 .3,5-Trimethyoenzone 

0  50 

0  002 

N't  Detiicted 

Not  Defecied 

1  2.4-Tnmethy;benzene 

0  50 

0  002 

Not  Detrjcfed 

Not  Detected 

1 ,3-  Dichlorobenzene 

0  50 

0  003 

Not  Detected 

Not  Delected 

1  .-l-Dichloroben  'ere 

0  50 

0  003 

No*  Defected 

Not  Detected 

Chlorololuone 

0  50 

0003 

Not  Detected 

Not  Detected 

1 ,2  Ou.hlorooenzore 

050 

0  003 

Not  Detected 

No!  Delected 

1 ,2.4-Trichlorober  rone 

050 

0  004 

Not  Detected 

Not  Delected 

Hr /aclilcrnbuladiene 

0  50 

0  005 

Nui  Detected 

Not  Delected 

Container  Type; 

Sun38ii«tM 

y^Baeinaa 

HtffigfLiiaiBl 

Octatiuorotoluen* 

103 

7&-130 

Toiuene-<18 

103 

7<M30 

4-Bromonuorobenzane 

S7 

70-130 

iviq.-  10 


SHIPPER  NAME  AIRBILL#  OPENED  BY:  DATE/TIME  TEMP(°C)  '  CONDITION 


TECHNICAL  MEMORANDUM  B 


asyiHILL 


PREPARED  FOR:  Davis  RI/FS  Report 

PREPARED  BY:  Sara  Monteith/CH2M  HILL,  Redding 
Fritz  Carlson/CH2M  HILL,  Redding 
Loren  Kroo'</CH2M  HILL,  Redding 


DATE: 


September  9,  1993 


SUBJECT:  Air  Permeability  Testing 

Davis  Global  Communications  Site 
Delivery  Order  No.  5055 

PROJECT:  SAC28722.55.18 


Purpose 

This  technical  memorandum  provides  a  summary  of  the  installation  of  soil  vapor 
monitoring  wells  (SVMWs),  testing  equipment  and  procedures,  test  results,  and  inter¬ 
pretation  at  the  Davis  Site.  The  purpose  of  the  air  permeability  testing  program  was 
to  quantify  the  properties  of  the  vadose  zone  that  control  the  movement  of  air.  The 
testing  program  described  herein  was  conducted  as  part  of  an  investigation  of  vadose 
zone  and  saturated  zone  contamination  at  the  Davis  Site.  Volatile  organic 
compounds  (VOCs)  have  been  detected  in  gas  samples  taken  from  the  vadose  zone. 
Such  chemicals  could  be  a  long-term  source  of  contamination  for  the  groundwater  in 
the  underlying  saturated  zone.  VOCs  may  be  readily  extracted  Jrom  ihe  vadose  zone 
using  soil  vapor  extraction  (SVE)  methods.  This  testing  pro^am  was  performed  to 
provide  preliminary  information  that  could  be  used  to  design  the  SVE  system  at  the 
Davis  Site- 


Introduction 


Terminology 

In  this  discussion,  the  terra  "permeability"  refers  to  the  intrinsic  permeability  of  the 
porous  medium.  The  term  "air  conductivity"  refers  to  the  ability  of  the  medium  to 
conduct  air  and  is  analogous  with  the  term  "hydraulic  conductivity"  that  is  used  to 
measure  the  ability  of  the  porous  medium  to  conduct  water.  The  intrinsic  perme¬ 
ability  is  independent  of  the  moisture  content  of  the  porous  medium  and  is  indepen¬ 
dent  of  the  fluid  moving  through  the  porous  medium.  It  is  well  established  that  the 
hydraulic  conductivity  of  a  porous  medium  is  a  function  of  moisture  content.  The 
wetter  the  pores  get,  the  higher  the  hydraulic  conductivity.  The  maximum  hydraulic 
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conductivity  is  when  all  the  pores  are  full  of  water;  this  is  the  saturated  hydraulic 
conductivity  that  is  typically  measured  in  aquifer  tests.  Tn  a  .similar  way,  the  conduc¬ 
tivity  to  air  moving  in  the  vadose  zone  is  sensitive  to  the  moisture  content  in  the 
vadose  zone.  As  the  pores  become  wetter,  the  conductivity  to  air  will  decrease.  Con 
versely,  as  the  pores  become  drier,  the  permeability  to  air  will  increase. 

The  "air  transmissivity"  is  equal  to  the  air  conductivity  times  the  thickness  of  the 
permeable  zone. 

In  this  discussion  the  term  "aerifer"  is  used  to  describe  a  geologic  unit  through  which 
air  can  flow  to  an  extraction  well.  This  term  is  analogous  with  the  term  "aquifer"  as 
used  in  the  saturated  zone.  Similaily,  the  term  "aeritard"  is  used  to  describe  a  geo¬ 
logic  unit  that  retards  the  flow  of  air.  Aeritard  is  analogous  with  the  term  aquitard 
used  in  the  saturated  flow  of  groundwater. 

Description  of  Field  Activities 

The  air  permeability  testing  was  conducted  from  January  6  through  January  14,  1993. 
This  was  a  period  of  heavy  rainfall  at  the  site.  Rainfall  amount  and  test  dates  are 
shown  in  Table  B-1. 


Table  B-l 

Rainfall  at  Davis,  California 

Junoary  6  through  January  14,  1993 

Date 

Rainfall  (in.) 

Air  Permeability  Te,st 

January  6 

0.24 

CH-l 

January  7 

2.19 

CH-4 

January  X 

0,30 

None 

January  9 

0.04 

None 

January  10 

0.04 

None 

January  1 1 

0 

None 

0 

None 

January  13 

2.97 

CH-5 

January  14 

0.6,H 

None 

ITie  configuration  for  evaluating  air  permeability  at  the  Davis  Site  consists  of  the 
following; 

•  Five  SVMWs,  CH-1  through  CH-S 
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•  Four  "shallow"  piezometers,  P-IS,  and  P-3S  through  P-5S  (adjacent  to 
CH-1,  and  CH-3  through  CH-5,  respectively) 

•  One  intermediate-depth  piezometer,  P-2M  (adjacent  to  CH-2) 

•  Four  "deep"  piezometers,  P-ID,  and  P-3D  through  P-5D  (adjacent  to 
CH-1,  and  CH-3  through  CH-5,  respectively 

Well  locations  were  selected  using  results  of  the  shallow  soil  gas  sampling  described 
in  Appendix  A,  Soil  Gas  Investigation  (locations  of  soil  gas  sampling  given  in 
Figure  A-1).  The  wells  were  placed  in  boreholes  advanced  with  an  8-inch  hollow- 
stem  auger  by  Westex  Drilling  of  West  Sacramento.  The  piezometers  were  placed  in 
an  adjacent  ^inch  borehole.  Standard  Penetration  Tests  were  performed  at 
approximate  5-foot  intervals,  and  soil  samples  were  logged  in  general  accordance  with 
the  Unified  Soil  Classification  System  (ASTM  D  2488).  locations  and  elevations  of 
the  wells  and  piezometers  were  surveyed  by  CH2M  HILL  using  nearby  existing  wells 
as  a  reference.  Boring  logs  and  well  construction  diagrams  are  included  in 
Appendixes  Q  and  S,  Lithologic  and  Geophysical  Logs,  and  Well  Construction  Data, 
respectively. 

The  SVMWs  consist  of  2-inch-diameter  Schedule  40  PVC  with  a  screened  interval  of 
10  feet;  except  CH-2,  with  a  screened  interval  of  2  feet.  The  piezometers  are  con¬ 
structed  of  1-inch-diameter  Schedule  40  PVC,  with  a  screened  interval  of  2  feet  for 
shallow  piezometers,  5  feet  for  the  intermediate-depth  piezometer,  and  10  feet  for 
deep  piezometers.  A  summary  of  well  and  piezometer  details  is  provided  in 
Table  B-2.  Soil  vapor  monitoring  well  and  piezometer  locations  are  shown  in  Figure 
B-4  (page  B-13). 

Groundwater  levels  were  measured  prior  to  and  following  air  permeability  testing. 

The  screened  interval,  of  the  deep  piezometers  were  submerged,  and^herefore 
unavailable  for  monitoring  during  testing.  A  summary  of  groundwater  measurements 
is  provided  in  Table  B-3  (wells  not  listed  are  screened  above  the  groundwater  table.). 

Subsurface  Conditions 

In  general  the  subsurface  conditions  at  the  Davis  Site  consist  of  clay  with  moderately 
continuous  lenses  of  sand  and  silty  sand,  and  less  common  lenses  of  gravel.  The  soil 
profile  has  been  divided  roughly  into  five  zones,  "A"  through  "E".  The  upper  zone, 
designated  the  A  zone,  extends  from  the  ground  surface  to  65  feet  below  ground  sur¬ 
face  (bgs),  and  contains  one  or  two  layers  with  increased  permeability  (aerifers).  The 
first  is  located  between  13  and  18  feet  bgs,  and  the  second  is  between  25  and  35  feet 
bgs.  The  B  zone  is  located  between  65  and  95  feet;  the  C  zone  between  95  and  145 
feet  bgs;  the  D  zone  between  145  and  195  feet  bgs;  and  the  E  zones  between  195  and 
245  feet  bgs.  These  zones  are  quite  variable  in  thickness  and  are  somewhat 
discontinuous  laterally.  The  SVMWs  and  their  associated  piezometers  are  screened 
within  the  A  aerifer  and  the  B  aquifer. 
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Table  B-Z 

Summaiy  of  Well  uul  Piezomeler  Details 


Description 

ElevaUoa 
(feel  msl) 

ScrcenrJ 
Interval 
(feel  bgs) 

Gravel  Pack 
Interval 
(feel  bgs) 

DeMTiiption  of  Soli 

Adjacent  to  the 

Screened  InUival 

2-inch  well 

264 

25  to  35 

21  to  37 

Sandy  Silt, 'Silty  Sand 

1-inch  piezometer 

26.4 

14  to  16 

13.5  to  17 

Clay  w/tracc  Sand 

1-inch  piezometer 

26.4 

48  to  58 

43  to  60 

Clay  w/Sand 

2-inch  well 

25.9 

14  to  16 

Silty  Sand/Sandy  Sill 

1-inch  piezometer 

■H 

301O3S 

28  10  36 

Sand  and  Gravel  w/Silt 

2-inch  well 

25-6 

2210  32 

20  to  33 

Sand  w/Gravd  and  Silt 

1-inch  piezometer 

25.6 

IS  to  17 

14.5  to  18 

Sand  and  Sill 

1-inch  piezometer 

25.6 

48  to  58 

46  to  60 

Clay 

2  inch  well 

25.3 

27  to  37 

26  to  40 

Sand  w/Clay  and  Silt 

1-inch  piezometer 

25.3 

17  to  19 

15  to  20 

(2!ay 

1-inch  piezometer 

25.3 

45  to  55 

41  to  56 

Clay 

2- inch  well 

28.2 

28  to  38 

26  to  39 

Clayey  Sand/Clayey  Gravel 

1-inch  piezometer 

28.2 

18  to  26 

17  to  22 

Sandy  Clay 

1-inch  piezometer 

28.2 

45  to  55 

43  to  55  3 

Oay 

Well'Pleionieter 

N(*. 


Table  B>3 

Summary  of  Groundwater  Measurements 


Depth  to  Groundwater 
(feet  bj»s) 


12/14/92 

l/14t^2 

12/T4/92 

.^9  85 

.36.17 

■13.5 

38.76 

3.5.32 

-13.2 

.36.47 

.35.11 

•  11.2 

3863 

35.32 

-13.3 

40.70 

38.42 

-12.5 

Elevation  of  Groundwater 
(feet  msl) 


1/14/93 


-9.8 


Test  Equipment  and  Procedure 

In  general, the  air  permeability  tests  were  performed  by  removing  air  at  a  constant 
rate  from  a  selected  SVMW,  termed  an  "extraction  well,"  while  monitoring  transient 
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subsurface  pressures  at  selected  SVMWs  and  piezometers.  Effluent  vapors  were 
treated  using  carbon  filtration  prior  to  discharge  to  the  atmosphere. 

Test  Equipment 

The  test  equipment  used  during  air  permeability  testing  consisted  of  a  vacuum  source 
at  the  extraction  well  and  pressure  monitoring  instruments  at  SVMWs  and  piezo¬ 
meters.  Additional  test  equipment  included  an  air  flow  rate  measuring  device  and 
emissions  treatment.  A  listing  of  the  specific  equipment  used  is  given  below; 

•  Vacuum  source  was  a  Roots/Dresser  Universal  RAI  Rotary  Lobe 
Blower  powered  by  a  10-kilowatt  generator  (single-phase,  240  volts,  30 
amps). 

•  Flow  rate  was  measured  with  a  Delta  Tube*^  averaging  pitot  tube  system 
with  direct  reading  of  actual  cubic  feet  per  minute  (acfm)  air  flow  using 
a  Mid- West  Instrument  Model  130  differential  pressure  gage  (30  to  130 
acfm  range). 

•  Drawdown  at  the  extraction  well  was  measured  with  a  mercury  man¬ 
ometer  with  a  12-inch  range  of  mercury. 

•  Drawdown  at  the  SVMWs  and  piezometers  selected  for  observation  was 
measured  using  various  combinations  of  U-tube  manometers  (24-inch 
water  range),  incline  manometers  (3-inch  water  range),  and  Magnehelic 
gages  (2-inch,  20-inch,  and  80-inch  water  ranges).  Connections  to  the 
SVMWs  and  piezometers  were  fabricated  in  the  field  as  required. 

•  Ambient  pressure  was  monitored  with  a  Hermit  Model  C  data  logger 
with  a  PXD-360  barometric  pressure  transducer  (8  to  16  pounds  per 
square  inch  actual  (psia)  range). 

•  Emissions  were  treated  with  a  granulated  activated  carbon  filter  at  the 
discharge  of  the  blower. 

•  System  "plumbing"  consisted  of  air  stre^  dilution  valves  (integral  to  the 
blower  unit),  2-inch-diameter  rigid  wall  piimp  suction  hoses  with  quick- 
connect  camlock  connectors,  and  a  ball  valve  at  the  extraction  well  to 
isolate  the  blower  system  from  the  wellhead. 

•  Connections  of  the  blower  to  the  extraction  well  were  made  with  the 
camlock  hoses  described  above. 

Procedure 

The  air  permeability  testing  procedure  used  at  the  Davis  Site  is  given  below.  Modifi¬ 
cation  to  this  procedure  may  be  required  for  differing  site  conditions. 
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1.  Seal  each  SVMW  and  piezometer  and  connect  the  selected  pressure 
measuring  device.  Check  for  leaks.  Zero  the  pressure  measuring 
device,  record  reading,  and  note  time  and  location.  Monitor  pressures 
for  a  time  sufficient  to  establish  background  conditions.  Record 
ambient  atmospheric  pressure  each  time  the  wellhead  pressures  are 
recorded. 

2.  Connect  the  blower  to  the  extraction  well  and  begin  preliminary  tests  to 
measure  extraction  and  monitoring  well  responses  to  varying  applied 
vacuums  ("step  test"). 

Apply  maximum  vacuum  at  the  extraction  well  and  record  the  corre¬ 
sponding  flow  rate.'  At  approximate  2-minute  intervals,  reduce  the 
applied  pressure  until  approximately  75,  50  and  25  percent  of  the  origi¬ 
nal  pressure  is  produced.  Note  the  flow  rate  and  corresponding 
pressure  each  time.  Reverse  test  and  step  pressure  back  up.  Repeat 
this  cycle  until  consistent  results  have  been  achieved. 

3.  Allow  subsurface  pressures  at  the  observation  wells  to  return  to  back¬ 
ground  levels.  If  necessary,  relocate  manometers  and  gages  to  optimize 
instrument  scales  to  the  expected  range  of  pressure  decrease  during 
longer-term  air  extraction. 

4.  Based  on  the  results  of  the  step  test,  determine  the  optimum  extraction 
flow  rate  and  pressure.  Factors  influencing  this  selection  will  include 
extraction  well  screen  saturation  due  to  water  table  upwelling,  pressure 
and  flow  rate  measuring  instrument  scales,  emissions  treatment  unit 
capacity,  and  blower  limitations.  Generally,  select  the  highest  practical 
vacuum  that  will  result  in  a  stable,  measurable  flow  rate.  Allow  for 
adjustment  of  flow  and  pressure  during  the  test.  Measurements  may 
drift  from  initial  values.  Avoid  beginning  the  test  with  adjusting  valves 
in  full-open  of  full-closed  positions. 

5.  Begin  the  pressure  drawdown  test  (air  permeability  test). 

Extract  air  at  a  constant  rate  and  measure  pressure  decreases  M  the 
extraction  and  observation  wells  as  functions  of  time.  Take  readings  at 
minimum  10-minute  intervals  for  the  first  log  cycle  (100  minutes),  and 
at  minimum  30-minute  intervals  for  the  duration  of  the  test.  Plot  time 
versus  pressure  decrease  data  for  each  well  using  a  logarithmic  scale  for 
time. 

6.  Continue  the  test  for  at  least  4  hours  or  until  observation  well  pressures 
stabilize. 

7.  At  the  conclusion  of  the  test,  close  valve  between  the  extraction  well 
and  the  vacuum,  but  maintain  a  scaled  system.  Monitor  the  "recovery" 
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of  the  extraction  weil  and  observation  well  until  the  residual  vacuum  is 
less  than  10  percent  of  the  maximum  applied  vacuum. 

A  step  test  was  performed  at  Wells  CH-I,  CH-4,  and  CH-5.  The  range  of  flow  for 
the  step  tests  varied  from  10  to  100  percent  of  the  full  vacuum  of  the  blower.  Results 
are  shown  on  plots  in  Attachment  B-1  at  the  back  of  this  appendix. 

Following  air  permeability  testing  at  each  extraction  well,  recovery'  was  monitored  for 
1  to  2  hours.  Plots  of  well  recovery  are  attached  at  the  back  of  this  appendix. 
(Recovery  at  CH-5  was  complete  within  10  minutes.  Therefore,  no  plot  of  recovery 
at  CH-5  is  provided.) 

Test  Results 

The  data  from  the  tests  are  presented  in  Figures  B-l  through  B-3  and  in  Tables  B-4 
through  B-6.  Several  key  findings  can  be  observed  by  examination  of  the  test  results: 

•  Drawdown  was  observed  in  monitoring  points  located  several  hundred 
feet  from  the  pumping  wells. 

•  At  the  same  radial  distance  from  the  pumping  well,  there  was  less  draw¬ 
down  observed  in  the  unpumped  zone  compared  to  the  pumped  zone. 

•  The  apparent  extent  of  influence  of  pumping  was  larger  in  the  CH-5 
tests  than  in  the  others,  possibly  due  to  the  sealing  effect  of  infiltrating 
rainfall. 


Table  B-4 

SummiurT  of  Air  PennrsbIUty  Te^t  al  Kxtmctiu  WfU  ('i|>l 

Dole:  1/<W93 

Dumiloti:  *500  minstea  (0i:4$ 
KUrwt  llOacfm 

Drawdown  (■!  extraclion  weUl:  2 

k«  U;IZ) 

l.l  liKh«s  11,0 

Monifanim  WcU  No. 

DbUnct  fnm  Cli-t  l« 
Monlloiinc  Wrll 

Drwwdown  MruuiYd  After  S^K) 

Minutes 

(inches 

P  IS 

4  0 

5  9 

C  ll  2 

1 

1  12 

P  2.M 

(4)  5 

1  (.3 

nil 

no  4 

0«5 

P 

104  5 

1.05 

f  H  4 

17*M 

0  IH 

(  II  < 

iU  0 

0  in 

Note:  OmwUiiwti  ts  u«c«J  here  m  a  mcarurr  «>(  ihc  dilfcrrnce  hciwrcii  jud 
mcasurrd  in  ihe  aenfer. 

Kisphmc  cond)(H>na  and  (he  vacuum 

1<*)12*>17  KOD  (0»vu  kt/lS) 
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XMt  B-S 

Summary  of  Air  Fcrmrability  Test  at  Kxtraejida  Wril  CH-4 


DaU:  !/7  93 

Duration:  »4t)0  minutes  (10:45  to  16:50) 
t  low:  70  acfm 

Drawdown  (at  extraction  well):  84.3  inches  11^0  after  50  minutes,  decreased  to  54.0  Inches  after  400 
minu^.es. 


.MoniUiiin)t  Well  No. 

Distance  Froin  CH*1  to 
Monitorifijt  Well 
.fret) 

Drawdown  Mrasurrd  .After  400 
Minutes 
(inches  IKO) 

f'Hl 

0,52 

P-IS 

1'5.S 

0.4S 

ni-: 

1*7! 

1'  61) 

p;m 

I74S 

O.'O 

Cl  1-3 

1536 

ft  so 

P  3S 

i6i.; 

0.79 

P4S 

3  6 

5...0 

Cll.5 

:i5.o 

00 

Note:  Drawdown  is  used  here  as  a  measure  o,  the  difference  hetween  atm 
measured  in  the  aenfer. 

Dsphcnc  condition.';  .ind  ihc  v.icutim 

..  ] 

Tubte  B4> 

Summary  oi  Air  Penmabilily  TrvI  al  bfracilaa  VVrII  Cll-S 

DaU:  D 13/93 

Duratloo:  *350  mlnuica  (13:4$  to  17:35) 

Flow;  100  acfm 

Drawdown  (at  rxtraclton  weU):  44,2  Inche*  11,0 

Moniiodne  'Ae(|  No. 

DUlance  From  (TDt  u> 
Monitoring  Well 
(frri) 

Drawdown  Measured  \tltr  350 
Minute* 

1  Indies  M>(>) 

C'll  1 

0  33 

PIS 

0  15 

cii;  . 

i(.’0 

0  10 

p  :m 

0 

1  10 

('ll  3 

xi:  1 

0  13 

p  ts 

0  !f> 

(114 

:oo 

0  37 

P  4S 

0  3' 

Nfiic  f)r:»wd<»wn  is  used  here  ai 

njr.t.\urcd  in  ihc  irnf^r 

1  mraaurc  of  the  diffrrrnce  between  atm 

twphenc  rondoions  and  the  vacuum 

riic  cJr.iwdDwn  surrounding  each  of  the  extraction  wells  near  the  conclusion  of  the 
tests  is  shown  on  Figures  B-4  through  B-6.  These  plots  of  the  actually  measured 
tirawdown  are  usetui  for  showing  the  quasi-steady-statc  area  of  intluence  of  the 
extraction  wells.  However,  in  order  to  model  the  tlow  of  gas  in  the  vadose  zone  for 
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designing  an  efficient  multiple  well  extraction  system,  the  properties  of  the  aerifers 
must  be  quantffied. 

On  the  basis  of  the  preliminary  observation  of  the  test  data,  it  was  decided  to  fit  the 
test  data  to  an  analj^ical  model  of  flow  in  multiple  aquifers  (Hemker,  1987)  based  on 
the  assumptions  of  Massmann,  1989.  (Massmann  assumes  that  existing  models  for 
groundwater  flow  in  saturated  porous  media  can  be  used  to  model  flow  of  air  in 
unsaturated  porous  media  given  appropriate  corrections  for  fluid  viscosity  and 
density.)  A  copy  of  Massmann  is  included  at  the  back  of  this  technical  memorandum 
as  Attachment  B-2.  The  assumptions  included  in  this  model  are  summarized  in 
Table  B-7. 


Table  B-7 

Assumptions  and  Umitalions  In  Applying  Groundwater  Flow  Models  for 

EralaaUon  of  Gas  Flow  In  the  Vadoec  Zone  (alter  Massmann,  1989) 

Assumption 

Limitation 

The  equation  of  motion  for  gas  tranjp-r;  r;  • 
be  approodmated  using  a<i  equation  similar  to 
Darcy’s  Law. 

In  flne-grained  materials.  Darcy’s  Law  underestimates  discharge  by 
neglecting  slip  flow;  however,  assumption  is  likely  a  valid  approximation 
for  flow  in  sands  and  gravels. 

Effects  of  diffusions!  flow  are  negligible. 

Valid  assumption  for  predicting  pressure  distributions. 

Vapor  behaves  as  ideal  gas. 

Valid  approximation  for  temperature  and  pressure  conditions  typical  of 
vapor  extraction  systems. 

There  is  constant  and  uniform  porosity. 

Porosity  will  generally  vary  with  time  and  with  location  due  to  natural 
variations  in  geologic  materials  and  due  to  temporal  and  spatial  variations 
in  moisture  content. 

Gravitational  effects  are  negligible. 

Valid  assumption  for  vapor  extraction  applications. 

Compressibility  of  the  porous  medium  is 
negligible. 

Valid  assumption  because  the  compressibility  of  the  porous  medium  is 
small  compared  to  the  compressibility  of  the  vapor. 

Gas  transport  can  be  modeled  using  the 
equation  for  incompressible  flow. 

Valid  assumption  for  pressure  variation  on  orderof 'one-half 
atmosphere  and  less.  '  ^ 

Molecular  weight  is  uniform. 

Molecular  weight  will  vary  with  gas  composition;  variations  will  generallv 
be  small  for  typical  applications  of  methane  control  and  organic  vapor 
recovery. 
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RGURE  B-4 
CONTOURS  FOR  AIR 
PERMEABIUTY  EXTRACTION 
TEST  AT  CH-1 
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FIGURE  B-5 
CONTOURS  FOR  AIR 
PERMEABILITY  EXTRACTION 
TEST  AT  CH-4 
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NOTE: 

Piezometer  locations  are  approximately 
one  toot  from  soil  vapor  monitoring 
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FIGURE  B-6 
CONTOURS  FOR  AIR 
PERMEABILITY  EXTRACTION 
TEST  AT  CH-5 

DAVIS  GLOBAL  COMMUNICATIONS  SITE 
McCLELUN  AIR  FORCE  BASE 
YOLO  COUNTY,  CALIFORNIA 


The  model  describes  the  transient  flow  of  fluid  in  "n"  aerifers  and  n+1  aeritards,  tak¬ 
ing  into  account  storage  in  both  the  aerifers  and  aeritards.  Based  on  examination  of 
the  stratigraphy,  the  application  and  multiple  aerifer  flow  model  for  the  Davis  Site 
included  two  aerifers  and  three  aeritards.  A  multiple  aerifer  system  that  includes  n 
aerifers  and  n+1  aeritards  requires  (4n+2)  parameter  values  (aerifer  transmissivity, 
aerifer  storativity,  aeritard  storativity,  and  aeritard  conductance)  to  describe  the 
transient  response  of  the  aerifer  system  to  pumping.  For  the  Davis  Site,  this  means 
that  as  many  as  10  parameters  would  need  to  be  defined.  Traditional  curves  match¬ 
ing  approaches  to  aquifer  testing  are  appropriate  for  estimating  only  two  or  three 
parameters.  Therefore,  a  computer-based  technique  for  test  evaluation  is  appropriate 
to  evaluate  this  test  (Kruseman  and  de  Bidder,  1991). 

The  approach  used  in  the  interpretation  of  these  data  is  outlined  below. 

•  Develop  a  conceptual  model  of  the  hydrogeologic  system  at  the  site 
including  stratigraphic  units  and  boundary  conditions. 

The  hydrogeologic  system  at  the  Davis  Site  consists  of  complexly 
interlayered  aquifers  and  aquitards  of  varying  thicknesses  and  lateral 
continuity.  TTie  interpretation  of  test  data  collected  firom  vadose  zone 
systems  of  this  type  typically  requires  the  use  of  a  methodology  that  can 
account  for  leakage  between  aerifers  and  drawdown  in  one  aerifer  in 
response  to  pumping  in  an  adjacent  aerifer.  Based  on  the  stratigraphy 
observed  in  drilling  at  the  site,  the  vadose  zone  existing  at  the  time  of 
testing  was  subdivided  into  two  aerifers  and  three  aeritards.  The  upper 
boundary  of  the  modeled  domain  was  assumed  to  be  at  a  constant  pres¬ 
sure. 

•  Starting  from  reasonable  parameter  estimates  for  aerifer+ransthissivity 
and  aeritard  vertical  resistance,  an  iterative  procedure  was  used  to 
improve  the  fit  between  observed  and  calculated  drawdown  values  by 
adjusting  the  unknown  parameter  values. 

The  method  chosen  to  obtain  parameter  estimates  from  the  observed 
drawdown  data  is  a  computer  program  known  as  MLU  (Hemker,  1992; 
Hemker  and  Maas,  1987).  MLU  is  a  transient,  multiaquifer  simulation 
that  uses  a  least  squares,  curve-fitting  algc^thm  to  calculate  aquifer  and 
aquitard  parameters  (Aquifer  Transmissivity  (T),  Aquifer  Storage 
C^fficient  (S),  Aquitard  Resistance  (R),  and  Aquitard  Storage 
Coefficient  (S'))  based  on  time-drawdown  data  collected  during  aquifer 
tests.  The  solution  technique  accounts  for  both  leakage  between 
aquifers  and  storage  of  water  in  the  aquitards  and  aquifers.  Any 
number  of  parameters  can  be  fixed,  based  on  prior  knowledge  of  their 
approximate  values,  and  the  program  estimates  the  values  of  the 
remaining  parameters. 


l<N12917.ROO(DwtoRl/FS)  B-16 


MLU  is  an  analytical  model  for  the  flow  of  groundwater  in  the 
unsaturated  zone.  However,  the  conditions  that  occurred  during  the  air 
conductivity  testing  at  the  Davis  Site  appear  to  meet  the  assumptions 
described  in  Table  B-8.  For  example,  the  maximum  drawdown  in  the 
tests  was  only  on  the  order  of  0.1  atmosphere, 

•  When  adjustments  to  the  parameter  values  during  the  iterative  process 
become  sufficiently  small  as  to  not  significantly  improve  the  fit,  the 
iterative  process  is  stopped. 

•  As  a  check  on  the  accuracy  of  the  parameter  values,  the  observed  draw¬ 
down  values  are  compared  with  drawdown  data  calculated  using  the 
parameter  values  (see  Figures  B-4  through  B-6).  However,  it  must 
always  be  remembered  that  there  are  a  number  of  combinations  of 
parameter  values  that  could  yield  a  good  fit  with  the  observed  data. 

Test  Evaluation 

The  test  data  for  Wells  CH-1  and  CH-4  were  evaluated  using  MLU.  The  results  of 
that  analysis  are  shown  on  Table  B-8. 


Table  B-8 

Results  of  Air  Conductivity  Testing 

Vadose  Zone  Property 

CH-1 

CH.4 

CH-5 

Air  transmissivity  of  the  upper  permeable  zone 
(ft^/day) 

200 

120 

340 

Air  transmissivity  of  the  lower  permeable  zone 
that  was  pumped  (ft^/day) 

3.8 

4.9 

Vertical  Resistance  of  the  upper  conhning  layer 
(day) 

77 

200 

2900 

Vertical  Resistance  of  the  middle  confining  layer 
(day) 

35 

1.9 

Storativity  of  the  upper  permeable  zone 
(unitless) 

0.00004 

(assumed) 

0.00004 

(assumed) 

0.00004 

(assumed) 

Storativity  of  the  lower  permeable  zone 

1  (unitless) 

0.00008 

(assumed) 

The  test  of  Well  CH-5  yielded  results  that  were  not  readily  evaluated  using  a 
two-aerifer  model.  The  test  began  when  there  was  a  positive  pressure  in  the  vadose 
zone.  Since  this  was  the  last  test  to  be  run,  one  possibility  is  that  the  air  in  the 
vadose  zone  was  trapped  beneath  a  downward-moving  wetting  front  of  low  air  perme¬ 
ability  so  the  vadose  zone  air  could  not  readily  escape.  In  essence,  the  wet  surface 
soils  acted  as  a  temporary  cap  over  the  area  that  increased  the  area  of  influence  over 
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what  may  typically  occur  when  the  soils  are  dry.  Another  reason  that  the  CH-5  test 
could  not  be  readily  evaluated  was  that  ail  the  monitoring  wells  were  located  200  feet 
from  the  pumping  well.  At  those  distances  from  the  pumping  well  at  the  fringe  of  the 
cone  of  depression,  each  aerifer  would  act  similarly,  so  there  is  little  information  that 
could  be  used  to  quantify  the  properties  of  a  two-aerifer  system.  Therefore,  the  CH-5 
test  was  evaluated  using  a  single-layer  model. 

Based  on  the  single-layer  evaluation  of  the  CH-5  test,  the  transmissivity  results  are 
similar  to  that  derived  for  the  two-layer  model.  The  vertical  resistance  of  the  surface 
soils  measured  during  the  CH-5  test  is  about  one  crder-of-magnitude  higher,  consis¬ 
tent  with  the  hypothesis  that  a  low  conductivity  wetting  front  had  infiltrated  the  sur¬ 
face  during  the  test. 

Discussion  of  the  Results 

The  air  permeability  test  at  the  Davis  Site  yielded  adequate  results  for  estin'ating  the 
properties  of  the  aerifers  and  aeritards  at  the  site  that  can  be  used  to  help  design  a 
soil  vapor  extraction  system.  However,  it  must  always  be  kept  in  mind  that  the  con¬ 
ductivity  to  air  moving  in  the  vadose  zone  is  sensitive  to  the  moisture  content  in  the 
vadose  zone.  As  the  pores  become  wetter,  the  conductivity  to  air  will  decrease.  Con¬ 
versely.  as  the  pores  become  drier,  the  permeability  to  air  will  increase.  At  the 
present  time,  there  are  no  site-specific  data  that  could  be  u.sed  to  quantify  the  rela¬ 
tionship  between  moisture  content  and  the  air  conductivity. 


Recommendations 

Air  permeability  results  were  used  as  input  data  for  modeling  of  airflow  in  the  vadose 
zone  at  the  Davis  Site.  A  discussion  of  the  air  modeling  and  SVE  requirements  are 
presented  in  Appendix  I.  Refer  to  Appendix  I  for  details  on  the  design  and 
operation  of  the  proposed  SVE  system.  Using  the  results  generated  from  the  air 
permeability  testing,  the  following  recommendations  have  been  formulated: 

•  The  five  existing  SVMW  can  be  used  as  SVE  wells  during  operation  of 
an  SVE  system.  Flow  rates  up  to  l(X)  scfm  can  he  applied  to  the 
existing  2-inch  wells. 

•  At  this  time,  no  additional  SVE  wells  are  needed  for  an  SVE  system. 

•  If  additional  SVE  wells  arc  needed  for  soil  vapor  capture,  the  wells 
should  be  no  smaller  than  4  inches  in  diameter. 

•  Additional  air  permeability  testing  during  the  dry  season  may  result  in 
ditferent  air  permeability  values  because  of  differing  antecedent 
moisture  conditions. 
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TECHNICAL  MEMORANDUM  C(a) 


CHMHILL 


PREPARED  FOR;  Davis  RI/FS  Report 
PREPARED  BY:  Jim  Thayer/CH2M  HILL,  Redding 


DATE: 


September  9,  1993 


SUBJECT: 


PROJECT: 


Treated  Groundwater  Reuse  Soils  Investigation 
Davis  Global  Communications  Site 
Delivery  Order  5055 

SAC28722.55.12 


Purpose  and  Scope 

The  purpose  of  this  technical  memorandum  is  to  present  the  field  and  site  testing 
data,  laboratory  analyses,  and  the  overall  site  soil  suitability  evaluation  for  land 
application  of  treated  groundwater  on  the  Davis  Global  Communications  Site  (Davis 
Site)  in  Yolo  County,  California.  The  scope  of  this  effort  has  been  a  feasibility-level 
investigation  of  the  site  soils  to  supplement  information  presented  in  the  Final  Davis 
Global  Commimications  Site  Intermediate  Remedial  Design  Report,  CH2M  HILL  June 
1993. 


Background 

The  proposed  55-acre  irrigation  site  is  located  in  the  northern  half  of  the  northeast 
quarter  of  Section  31,  TUN  R3E  and  bounded  on  the  north  by  County  Road  35  near 
the  Yolo-Solano  County  line,  southeast  of  the  City  of  Davis.  The  Davis  Site  occupies 
approximately  316  acres  in  the  eastern  half  of  the  section,  and  the  entire  site  has 
native  vegetation  of  annual  grasses  and  forbs.  The  irrigation  site  is  relatively  flat  with 
a  minor  natural  drainageway  paralleling  the  proposed  irrigation  area  to  the  south. 

The  surface  drainage  is  to  the  southeast. 

The  site  .soils  are  described  in  the  U.S.  Department  of  Agriculture/Soil  Conservation 
Service  (USDA/SCS)  Yolo  County  Soil  Survey,  June  1972.  Two  soil  mapping  units 
are  defined  within  the  irrigation  site.  The  pertinent  soil  properties  of  the  Marvin  silty 
clay  loam  and  the  Brentwood  silty  clay  loam  soils  are  summarized  in  Table  C(a)-1. 
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Table 

Summafy  of  SoU  Propertkai* 

SoU  Tfrrture* 

SCS  PenBcaMU^  Depth 

SoU 

Mapplnx 

L'nit 

Soli 

Name 

Slope 

(^) 

Surface 

SubMiU 

scs 

Draioaae 

CUs* 

SotuU 

(iorhi) 

Seasonal 

Water 

Table 

CH2.M  HILL 
Suitability  for 
Irrtxation/ 
RestrlcUun 

BrA 

Brentwood 
iilty  clay 
loam 

0  to  2 

sicl 

Well 

0.2  to  0  W 

0  2  to  O.P 

>5  feet 

Suitable 

Mf 

Margin  sjlry 
clay  loam 

0  to  1 

MCl 

iic-sid 

Somewhat 

Poor 

0.2  to  06/ 
0.06  to  0.2 

>5  feel 

Marginal/Slow 

Infiltration 

^Source:  USDA^^oil  Conscr-ation  Service.  Yoio  C 

ounty  Soil  Survey,  June  19' 

92. 

! 

Field  Exploration 

The  onsite  soils  investigation  was  conducted  during  the  week  of  April  26,  1993,  by  a 
CH2M  HILL  soil  scientist.  This  field  evaluation  consisted  of  excavation  of  eight 
backhoe  test  pits  to  expose  typical  soil  profiles  for  examination,  description,  sampling, 
and  testing.  Duplicate  double-ring  infiltration  tests  were  conducted  at  two  selected 
locations  on  both  the  surface  soils  and  the  restrictive  (less  perrncabie'J  subsoils.  In 
addition,  representative  soil  samples  were  collected  from  the  two  infiltration  test  pro¬ 
files  for  laboratory  analysis  of  chemical  properties.  The  locations  of  the  backhoe  test 
pits  are  shown  in  Figure  C(a)-1,  and  the  profile  logs  are  shown  in  Figure  C(a)-2. 

The  evaluation  of  soil  profiles  from  the  test  pit  excavations  and  general  site  observa¬ 
tions  showed  that  the  site  is  dominated  (Test  Pit  Nos.  1,  2,  3,  5,  and  6)  by  the  Marvin 
silty  clay  loam  soils  found  on  the  basin  rim,  consisting  of  moderately  slowly  permeable 
silty  clay  loam  surface  soils  over  slowly  permeable,  dense,  silty  clay  subsoils.  The 
remainder  of  the  site  (Test  Pit  Nos.  4,  7,  and  8)  is  represented  by  the  Brentwood  silty 
clay  loam  soils  found  on  the  alluvial  fan  physiographic  position,  consisting  of 
moderately  slowly  permeable  silty  clay  loam  soils.  The  Brentwood  soils  have  a  less 
developed  (less  of  an  increase  in  clay  content)  subsoil  tnan  the  Marvin  soils.  Both 
soils  are  used  for  irrigated  agriculture  in  the  area,  but  other  fields  have  been  graded 
for  surface  irrigation,  likely  because  of  the  slow  infiltration  rate  of  the  silty  clay  loam 
surface  textures. 

The  USDA  method  duplicate  double-ring  infiltromcter  tests  were  conducted  on  two 
representative  soil  profiles  (Test  Pit  Nos.  A-2  and  7)  to  determine  long-term  soil 
infiltration  rates.  Tests  were  conducted  both  the  undisturbed  surface  soils  and  on 
the  restrictive  (less  permeable)  silty  clay  subsoils.  The  test  results  are  shown  in 
Table  C(a)-2. 
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Table  C(a)-2 

Infillratloa  Rales 

T«>‘  Locatton 

SoU  Ty-pe 

. .  ■ 

SoU  Tejrtumllefili 

InfUtralioa  Rate* 

(in/ hr) 

Test  1 

Test  2 

TP  A-2 

Marvin  silly  clay  loam 

0  to  6  inches  silty  day  loss 
surface 

0.1)9 

■■ 

18  to  2Z  inches  sUcy  day  stib- 
soil 

rt.ov 

l).()4 

TP  A-? 

Brentwood  silty  clay  loam 

0  to  6  inches  silty  dm  toam 
surface 

0.9 

1.2 

20  to  24  inches  siity  day  (cam 
subsoil 

006 

002 

'^USDA  duplicate  douMe-nn;  intiltromeier  lest  rjeihod  with  long-term  rates  it  eac 

of  minimum  6-h 

our  test  period. 

Representative  soil  samples  were  collected  from  the  two  typical  soil  profiles  (Test  Pit 
Nos.  A-2  and  7)  and  were  sent  to  the  CH2M  HILL  environmental  laboratory  for 
chemical  analysis.  The  results  of  the  laboratory  analysis  are  shown  in  Table  C(a)-3. 
From  a  review  of  the  laboratory  analyses,  the  following  observations  can  be  made: 

•  The  soil  pH  values  range  from  5.9  to  8.0,  with  surface  soils  being  slightly 
to  moderately  acid  and  the  subsoils  and  sidsstratum  nearly  neutral  to 
slightly  alkaline.  These  pH  values  are  typical  for  agricultural  soils  in  the 
area. 

•  The  electrical  conductivity  (EC)  values  ranged  from  0.!7  to 

0.32  mmhos/cm  indicating  there  is  very  littte  salt  accumulation  in  the 
soil  profile  (ncnsaline  soils). 

•  The  phosphorus  (P)  levels  ranged  from  1.6  to  13  mg/kg  and,  together 
with  the  range  of  soil  pH  values,  these  phosphorus  levels  are  relatively 
low  for  agricultural  soils  in  the  area.  Under  nonfarmed  volunteer 
vegetation  without  fertilization,  extractable  soil  phosphorus  levels  have 
been  depleted. 

•  The  extractable  and  water  soluble  cations  (calcium,  mercury,  sodium, 
and  potassium  shown  in  Table  C(a)-3  as  Ca,  Mg,  Na,  and  K)  are  within 
the  normal  range  for  agricuitural  soils  in  the  area  except  for  the 
relatively  high  extractable  magnesium  levels  ranging  from  10  to  22  milli- 
equivallents  per  100  grams  (meq/100  g).  Typically,  in  the  arid  region 
soils,  calcium  is  the  dominant  cation,  but  b^use  of  specific  parent 
materials  in  the  Putah  Creek  watershed  (So^.'entine  in  areas),  an 
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imbalance  exists  where  magnesium  significantly  exceeds  calcium.  In 
persona!  communication  with  Dr.  Randy  Southard,  University  of 
California,  Extension  Soil  Specialist,  he  has  indicated  the  same 
relationship  (magnesium  imbalance)  was  documented  on  the  University 
of  California  Davis  campus  on  the  Marvin  ana  Brentwood  soils. 

•  The  cation  exchange  capacity  (CEC)  values  range  from  4.0  to  9.0 
meq/100  g  and  are  relatively  low  for  agricultural  soil',  in  the  area.  CEC 
is  generally  a  function  of  soil  clay  content  and  organic  matter,  but  may 
be  effected  by  the  dominance  of  magnesium.  Similar  soils  in  the  area 
have  documented  CEC  values  of  15  to  20  meq,^100  g. 

•  The  soil  organic  matter  levels  range  from  0.4  to  2.7  percent,  with  the 
normal  highest  level  in  the  surface  soils  and  a  sharp  decline  in  organic 
matter  levels  with  depth,  typical  of  agricultural  soils.  The  evaluated  1.2 
percent  in  Test'  Pit  A-7,  12  to  46  inches,  may  be  caused  by  an  old 
buried  surface  soil  in  that  area. 


Conclusions  and  Recommendations 

From  the  soil  investigation,  discussions  with  local  soil  scientists,  and  the  overall 
evaluation  of  soil  suitability  for  treated  groundwater  reuse,  the  following  conclusions 
and  recommendations  can  be  made: 

•  In  the  site  soils,  both  the  Marvin  and  Brentwood  silty  clay  loam 
mapping  units  have  a  moderately  slow  surface  permeability,  and  the 
subsoils  are  slowly  permeable  as  defined  by  the  USDA/SCS  soil 
mapping.  In  CH2M  HILL’s  field  testing,  ^e  surface  infiltration  rates 
ranged  from  0.09  to  1.2  inch/hour,  and  the  subsoils  are  greatly 
restrictive  to  water  movement  ranging  from  0.02  to  0.06  inch/hour. 
Therefore,  under  irrigation,  long-term  application  rates  and  duration  of 
irrigation  will  be  restricted,  with  application  rates  of  0.1  to  0.15 
inch/hour. 

•  The  irrigation  site  is  gently  undulating  with  a  minor  drainageway  to  the 
southeast  on  the  southern  border.  All  of  the  adjacent  irrigated  farm¬ 
land  has  been  surface-graded  for  flood  irrigation  (likely  because  of  slow 
infiltration  rates),  but  that  practice  is  not  feas^e  on  this  site  because  of 
significant  cuts  and  fills  and  exposure  of  less  permeable  subsoils. 
Irrigation  should  be  restricted  to  sprinkler  imgation  with  onsite  runoff 
control  and  recycling  to  the  irrigation  storage  reservoir. 
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•  From  a  soils  standpoint,  the  soils  are  manageable  for  irrigation  under  a 
permanent  forage  cropping  operation  as  long  as  a  high  level  of 
irrigation  scheduling  and  management  is  implemented.  The  soils  are 
not  restricted  by  fertility,  and  under  normal  fertilization  practice,  crop 
production  should  be  high. 
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TECHNICAL  MEMORANDUM  C(b) 


a^HILL 


PREPARED  FOR:  Davis  RI/FS  Repon 

PREPARED  BY:  Sara  Monteith/CH2M  HILL,  Redding 


DATE:  September  9,  1993 

SUBJECT:  Geotechnical  Exploration  for  the  Oniite  Reservoir 

Davis  Global  Communications  Site 
Delivery  Order  5055 


PROJECT:  SAC28722.55.12 


Purpose  and  Scope 

This  technical  memorandum  provides  a  summary  of  field  observations,  laboratory 
testing,  discussion,  and  preliminary  recommendations  for  the  proposed  onsite  reser¬ 
voir  at  the  Davis  Global  Communication  Site  (the  Davis  S«c),  located  approximately 
20  miles  southwest  of  McClellan  Air  Force  Base  (McCleflaa  ,AFB)  in  a  predominantly 
agricultural  area  near  the  Yolo-Solano  County  border.  Various  volatile  organic  com¬ 
pounds  have  been  detected  at  the  facility  to  depths  up  to  65  feet  below  ground  sur¬ 
face  (bgs).  The  proposed  .onsite  reservoir  will  provide  aboveground  storage  for 
treated  groundwater  that  will  be  used  for  irrigation  for  agricultural  purposes.  Further 
details  including  groundwater  conditions,  constituents  of  contamination,  extent  of 
contamination,  and  preliminary  costs  for  this  onsite  reservoir  and  irrigation  -ystem  are 
provided  in  the  Final  Davis  Global  Communications  Site  Intermediate  Remedial  Dertgn 
Report  (CH2M  HILL,  1993). 


Background 

The  location  of  the  proposed  onsite  reservoir  is  shown  in  F^urc  C(b)-1.  Elevations 
at  the  reservoir  site  were  not  measured;  however,  the  grouad  surface  elevation  of 
nearby  wells  is  approximately  30  feet  mean  sea  level.  The  topography  over  the  reser¬ 
voir  site  is  relatively  level,  with  a  small  depression  in  the  southwest  corner.  This 
depression  appears  to  be  part  of  a  vestigial  overflow  chanacL  The  site  is  subject  to 
periodic  flooding  during  periods  of  sustained  rainfall  because  of  the  lack  of  relief. 

Vegetation  at  the  reservoir  site  consists  of  grasses,  thistles,  and  wildfiowers.  At  the 
time  of  the  field  exploration  (April  29,  1993),  the  reservoir  area  was  covered  with 
dense,  green  grasses  and  wildfiowers  approximately  4  feet  taU.  By  late  spring  or  early 
summer,  these  grasses  will  be  dry.  The  reservoir  area  is  bounded  by  two  antennas  on 
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the  south,  by  one  on  the  east  side,  and  by  one  on  the  west.  No  other  signs  of  devel¬ 
opment  were  apparent  at  the  time  of  the  field  exploration. 

Local  frost  penetration  does  not  typically  exceed  6  inches. 

The  proposed  onsite  reservoir  will  be  overexcavated  below  the  existing  ground  surface 
to  provide  a  basin  for  water  storage  and  to  provide  fill  for  the  reservoir  embankment. 
The  crest  will  be  12  feet  above  the  interior  of  the  reservoir  and  4  feet  above  the  exist¬ 
ing  ground  surface  on  the  exterior  of  the  reservoir.  Approximately  2  feet  of  overexca¬ 
vation  will  be  required  at  the  exterior  toe.  The  embankment  will  have  3: 1  slopes  on 
both  interior  and  exterior  faces  and  a  crest  width  of  15  feet,  resulting  in  a  total  cross- 
sectional  width  of  approximately  80  feet.  A  schematic  profile  of  the  embankment  is 
shown  in  Figure  C(b)-2. 

The  maximum  depth  of  water  to  be  stored  in  the  reservoir  is  10  feet,  with  a  minimum 
freeboard  of  2  feet.  The  volume  of  water  stored  in  the  reservoir  under  full  conditions 
is  approximately  5  acre-feet.  A  reservoir  design  of  this  type  is  not  under  the  jurisdic¬ 
tion  of  the  State  of  California  Division  of  Safety  of  Dams  (State  of  California, 

Statutes  and  Regulations  Pertaining  to  Supervision  of  Dams  and  Reservoirs,  1992.) 

Limitations 

This  memorandum  has  been  prepared  for  the  exclusive  use  of  McClellan  AFB  for 
specific  application  to  the  onsite  reservoir  at  the  Davis  Site  in  accordance  with  gener¬ 
ally  accepted  geotechnical  engineering  practice.  No  other  warranty,  expressed  or 
implied,  is  made. 

The  recommendations  contained  in  this  memorandum  are  based  on  the  data  obtained 
from  test  pit  excavafions  and  field  observations.  Test  pit  excavations  indicate  subsur¬ 
face  conditions  only  at  specific  locations  and  times  and  only  to  the  depths  excavated. 
They  do  not  necessarily  reflect  strata  variations  that  may  exist  between  such  locations. 
If  variations  from  those  subsurface  conditions  described  are  noted  during  construc¬ 
tion,  recommendations  in  this  memorandum  must  be  reevaluated. 

In  the  event  that  any  changes  in  the  nature,  desigit,  or  location  of  the  facilities  are 
planned,  the  recommendations  contained  in  this  memorandum  should  not  be  consid¬ 
ered  valid  unless  the  changes  are  reviewed  and  this  memorandum  modified  or  verified 
in  writing  by  CH2M  HILL  CH2M  HILL  is  not  responsible  for  any  claims,  damages, 
or  liability  associated  with  interpretation  of  subsurface  data  or  reuse  of  the  subsurface 
data  without  the  express  written  authorization  of  CH2M  HILL 
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Field  Exploration 


The  field  exploration,  conducted  on  April  29,  1993,  included  excavating  seven  test  pits 
in  the  footprint  of  the  reservoir  and  collecting  soil  samples  from  each  test  pit.  Test 
pit  locations  are  shown  in  Figure  C(b)-3.  The  test  pits  were  excavated  by  Ramcon  of 
West  Sacramento,  using  a  John  Deere  C410  backhoe.  Depths  explored  ranged  from 
8  to  10  feet  bgs.  Soil  collected  from  each  test  pit  was  logged  in  accordance  with  the 
Unified  Classification  System  (ASTM  D  2488);  this  classification  was  later  verified 
with  results  of  laboratory  testing  (using  ASTM  D  2487).  Following  logging  of  each 
test  pit,  the  pits  were  backfilled  with  the  material  excavated.  Test  pit  logs  are 
included  as  Appendix  A,  Soil  Gas  Investigation.  The  backhoe  compacted  the  soil 
after  replacing  it  to  reduce  settlement.  Approximate  test  pit  locations  were  measured 
with  a  rag  tape  and  a  compass. 


Subsurface  Conditions 

Subsurface  conditions  were  generally  quite  uniform  in  the  test  pit  excavations.  Soil 
observed  in  the  test  pits  includes  two  clay  layers.  The  "upper"  layer,  typically  2  to 
4  feet  thick,  is  a  moist,  dark  moderate  brown  clay,  with  moderate  to  high  plasticity, 
and  a  hard  consistency.  Root  penetration  is  typically  to  1.5  feet  bgs.  Pocket  pene¬ 
trometer  measurements  performed  on  the  sidewalls  in  this  layer  yield  unconfined 
compression  strengths  ranging  from  3  to  5  tons  per  square  foot  (tsf).  The  "lower" 
layer  is  a  moist,  moderate  brown  clay,  with  moderate  plasticity  and  a  stiff  to  very  stiff 
consistency.  Moisture  content  appears  to  increase  with  depth.  Pocket  penetrometer 
measurements  performed  on  the  lower  clay  yield  generally  lower  unconfined  compres¬ 
sion  strengths,  ranging  from  less  than  1  to  3,5  tsf.  This  apparent  reduction  in  strength 
may  be  related  to  increased  moisture  content,  ..  .  - 

In  Test  Pit  TP-3,  excavated  in  the  depression  of  the  vestigial  overflow,  a  silty  sand 
with  gravel  was  observed  between  6  and  9.5  feet  bgs.  The  gravel  was  typically  2-inch 
minus,  well-graded  and  well-rounded.  Below  this  gravel  layer,  a  clay  similar  to  the 
lower  clay  layer  described  above  was  observed.  Test  Pit  17-3  was  the  only  test  pit  in 
which  gravel  was  observed.  However,  review  of  logs  for  wells  drilled  at  the  Davis  Site 
indicate  this  area  exhibits  some  lateral  variability,  that  is,  occasional  interfingering  of 
gravel  and  sand  lenses  within  the  clay  layers.  Therefore,  although  additional  gravel  or 
sand  lenses  are  not  anticipated,  they  may  be  encountered  during  reservoir  construc¬ 
tion. 

Sidewalls  for  the  test  pits  remained  vertical  and  did  not  exhibit  any  tendency  to  imme¬ 
diately  cave,  except  in  the  gravel  layer  in  TP-3.  Excavation  of  the  soil  was  accom¬ 
plished  easily.  No  groundwater  was  encountered  in  the  test  pits. 
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RESERVOiR  FOOTPRINT 


CENTERLINE  OF 
EMBANKMENT 


LEGEND 


TEST  PIT  LOCATION 


NOTE:  Reservoir  footprint  does  not 
indude  overexcavation  at 
upstream  and  downstream  toes 
of  embankment. 
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FIGURE  C(b)-3 
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Laboratory  Testing 


Soil  samples  obtained  during  the  field  exploration  were  submitted  for  laboratory  test¬ 
ing  at  MTI  Testing  Laboratory  in  Redding,  California.  Because  of  uniformity  of  sub¬ 
surface  conditions,  laboratory  testing  was  limited  to  the  following  tests: 

•  Atterberg  Limits  (ASTM  D  4318) 

•  Material  Passing  No.  200  Sieve  (ASTM  D  1140) 

•  Grain  Size  Distribution  (ASTM  D  422)  (1.5  inclxs  to  No.  200  Sieve) 

•  Moisture  Density  Relationship  (ASTM  D  698) 

Representative  samples  were  selected  from  Test  Pits  TP-2,  TP-4,  and  TP-6,  and  a 
sample  of  gravelly  material  was  selected  from  TP-3.  A  summary  is  provided  in 
Table  C(b)-1.  Results  are  provided  in  Appendix  B,  Air  Permeability  Testing. 


Table  C(b)-1 

Laboratory  Testing  Summary 

Test  Pit 
No. 

Sample 
Depth 
(ft  bgs) 

Atterberg 

Limits 

(LL/PI) 

Percent 
Passing 
No.  200 

Grain 

Size* 

Maximum 

Dry 

Density 

(P«b 

Optimum 

Moisture 

Content 

(%) 

TP-2 

Composite 

103.6 

17.1 

TP-3 

6 

5 

TP-4 

0  to  2 

76.3 

Bi 

T?-4 

4  to  6 

82.9 

TP-6 

0to3 

47/23 

TP-6 

3  to  8 

31/10 

^Grain  size  distribution  presented  in  .Appendix  B. 

Conclusions  and  Recommendatioas 

Field  observations  and  laboratory  testing  indicate  that  subsurface  conditions  at  the 
Davis  Site  are  generally  favorable  for  the  proposed  onsite  reservoir.  The  following 
design  considerations  and  recommendations  for  additional  work  should  be  performed 
prior  to  developing  plans  and  specifications: 

•  The  depression  located  in  the  southwest  comer  of  the  reservoir  site  will 
require  additional  earthwork  during  construetkm  of  the  embankment. 

In  addition,  the  presence  of  gravel  in  the  embadcxnem  foundation  may 
result  in  piping  or  seepage  problems.  The  reservoir  location  should  be 
adjusted  50  to  100  feet  south  or  west  to  mitigate  these  potential  prob¬ 
lems. 
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Additional  test  pits  may  be  excavated  at  the  new  reservoir  site;  how¬ 
ever,  subsurface  conditions  were  quite  consistent  in  the  other  six  test 
pits  excavated  within  the  reservoir  footprint  In  addition,  test  pits  exca¬ 
vated  over  the  extent  of  the  adjacent  irrigation  parcel  (excavated  for 
soil  survey)  indicated  similar  subsurface  conditions  throughout, 

•  Sieve  analyses  performed  on  an  upper  clay  sample  and  a  lower  clay 
sample  resulted  in  76  and  83  percent  of  the  soil  passing  the  No.  200 
sieve,  respectively,  indicating  a  low  permeability  soil  suitable  for 
embankment  construction.  According  to  field  observations,  laboratory 
testing,  and  pocket  penetrometer  measurements,  it  appears  that 

3:1  slopes  will  be  acceptable  for  the  interior  and  exterior  slopes  of  the 
reservoir.  Slope  stability  analyses  vrill  be  required  to  verify  these 
assumptions. 

From  a  root  penetration  of  1.5  feet  bgs  observed  in  test  pits,  2  feet  of 
overexcavation  should  be  performed  under  the  embankment  (as  shown 
in  Figure  C(b)-2). 

•  If  the  water  supply  in  the  reservoir  is  rapidly  depleted,  the  interior 
slopes  will  be  subject  to  rapid  drawdown  conditions.  Additional  stability 
analysis  will  be  required  to  analyze  embankment  performance  under 
these  conditions. 

•  The  reservoir  is  located  in  Uniform  Building  Code  (UBC)  Seismic 
Zone  3.  It  may  be  necessary  to  perform  a  review  of  site  seismicity  and 
pseudostatic  slope  stability  analysis  to  evaluate  the  performance  of  the 
embankment  under  seismic  loading. 

•  Field  observations  and  logs  for  nearby  wells  do  not  indicate  that  the 
reservoir  excavation  will  be  under  the  influence  of  groundwater. 

•  Riprap  or  an  equivalent  slope  protection  should  be  placed  on  the 
interior  slopes  of  the  reservoir  to  protect  the  embankment  from  wave 
action  caused  by  wind. 

•  Additional  laboratory  testing  should  be  performed  for  design  of  the 
onsite  reservoir.  This  testing  may  include,  but  should  not  be  limited  to, 
additional  strength  testing  and  testing  of  corrosion  potential.  Perme¬ 
ability  testing  may  be  performed  for  seepage  analysis  or  determination 
of  uplift  pressures. 
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TECHNICAL  MEMORANDUM  D 


CmHllL 


PREPARED  FOR:  Davis  RI/FS  Report 


PREPARED  BY:  Rob  Pexton/CH2M  HILL,  Sacramento 

DATE:  September  0,  199? 


SUBJECT:  Summary  of  Field  Activities 

Davis  Global  Communications  Site 
Delivery  Order  5055 

PROJECT:  SAC28722.55.18 


Purpose  and  Scope 

CH2M  HILL  conducted  a  series  of  remedial  investigation  field  activities  at  the  Davis 
Global  Communications  Site  (Davis  Site)  in  1992  and  1993  in  accordance  with  the 
Work  Plan  for  the  Site  (CH2M  HILL,  1993)  These  activities  were  performed  to 
increase  understanding  of  the  subsurface  chemical  and  hydrogeologic  conditions  and 
to  facilitate  implementation  of  remedial  measures.  The  surveyed  locations  of  all 
activities  conducted  both  in  the  compound  and  at  the  north  edge  of  the  site  are 
shown  in  Figure  D-1.  A  summary  of  previous  remedial  field  activities  is  included  in 
Chapter  2  of  the  RI/FS  Report. 

CH2M  HILL  activities  performed  in  and  near  the  compound  include: 

•  Dry  or  partially  submerged  groundwater  Monitoring  Wells  MW-1, 
MW-3,  MW-5,  and  MW-7  were  sampled  for  soil  gas  in  August  1992. 
Details  and  results  are  given  in  Appendix  A,  Soil  Gas  Investigation. 

•  Aquifer  testing  was  performed  on  Monitoring  Wells  MWC-3,  MWC-12, 
and  MWC-14  in  August  1992,  and  Monitoring  Wells  MWD-12  and 
MW-3  in  January  1993.  Results  are  given  in  two  separate  reports 
(CH2M  HILL,  1992  and  1993). 

•  Collecting  shallow  soil  gas  samples  and  samples  from  August  through 
October  1992.  Details  are  provided  in  Appendix  A,  Soil  Gas  Investiga¬ 
tion. 

•  Collecting  and  analyzing  soil  samples  from  the  north  and  east  soil  piles 
in  November  1992.  Discussion  is  included  in  this  appendix. 


D-1 


IMlWZROO  (Divii  RI/FS) 


^  MSP-M 


rf*  NSP2B  -■-■  ■"'' 

.  ..  . -  ■  ■";-  •”•'■  ■  '  ""  ® - Ml»l* 


*■•'. . * . *rts.t 


^  -X  D 

ck4, 


SITE  //  V  ■ 

PRODOCTION  ‘  ^  •  r~  ■■  '  '  • 


'  /■  !  I  ;  ■'**  '\'- 


•\  P-«.D 


,  ,*:  '  «"'  »■'■< . 

'  V  ■. ;  I  \  •  z' 


z/  ','.crr-*i 

/  or 


!  ^  ;  ill  '-SI 

. . . . •....^.— . 


!€i^l  ,.-  \ 

-■  -:::  tsM 


FORMER 
LOCATION  OF 
UNDERGROUND 
STORAGE  TANKS 


/ 


;  ^  ✓  \ 

[  '  '  .V 


V^A 

V  cn.ii 


MVL  U 


LEGCJO 

O  CONE  PENETROMETER  SOUNOINO 
S  QROUNOWATER  MONTTORINQ  WEa 
Q  MYOROPUNCH 
•  SOIL  VAPOR  MONtTORINO  WEU 
0  SOILPtLE 


noOMixjiW 

sow  IS 


SCALE  (AppiOKjnwto) 


250  FEET 


FIGURE  D-1 
aim  HILL  RELO  ACTIVITY 
LOCATIONS 

DMAS  OLORAL  COMMUNICATIONS  SITE 

McClellan  air  force  base 

YOLO  COUNTY  CALIFORNIA 

.,  oaiH/d-— 


Six  Cone  Penetrometer  (CPT)  soundings  (CPT-18,  CPT-18A,  CPT-20, 
CPT-21,  CPT-22,  and  CPT-23)  performed  in  November  1992  to  investi¬ 
gate  site  stratigraphy.  Discussion  is  included  in  this  appendix. 

Five  Soil  Vapor  Monitoring  Wells  (SVMWs)  (CH-1  through  CH-5)  and 
adjacent  piezometers  (P-lS,  P-lD,  P-2M,  P-3S,  P-3D,  P-4S,  P-4D,  P-5S, 
and  P-5D)  were  drilled  and  installed  in  November  1992  to  investigate 
the  vadose  zone  chemical  and  hydrogeologic  properties.  Discussion  is 
provided  in  this  appendix.  A  summary  of  results  of  sampling  of  SVMW 
and  adjacent  piezometers  is  in  Appendix  A.  Discussion  of  air  perme¬ 
ability  testing,  performed  in  December  1992,  is  presented  in 
Appendix  B,  Air  Permeability  Testing. 

Four  Groundwater  Extraction  Wells  (EW-IB,  EW-lC,  EW-2C,  and 
EW-3C)  were  drilled  and  installed  in  April  and  May  1993  to  capture 
contaminated  groundwater  from  the  B  and  C  aquifers. 

Eight  test  pits  were  excavated  and  double-ring  infiltration  tests  were 
conducted  in  April  1293,  as  part  of  an  investigation  for  land  application 
of  treated  groundwater.  Details  and  discussion  are  provided  in 
Appendix  C(a),  Treated  Groundwater  Reuse  Soils  Investigation. 

Seven  test  pits  were  excavated  and  soil  samples  were  collected  and 
tested  as  part  of  a  preliminary  investigation  to  assess  the  feasibility  of 
constructing  an  onsite  reservoir  to  store  treated  groundwater.  Discus¬ 
sion  and  results  are  presented  in  Appendix  C(b),  Geotechnical  Explora¬ 
tion  for  the  Onsite  Reservoir. 

Groundwater  levels  were  measured  biweekly  from  July  to  December 
1992,  and  monthly  during  1993.  Results  are  summarized  in 
Appendix  E,  Groundwater  Contour  Maps. 

Grotindwater  levels  were  collected  hourly  using  a  data  logger  from  Well 
Cluster  MWl  from  July  1992  to  June  1993.  A  graph  of  those  levels  is 
presented  in  the  RI/FS  Report  as  Figure  3*6. 

Seven  new  Groundwater  .Monitoring  Wells  (MW- 19,  MWC-20, 
MWD-20,  MWD-21,  MWE-21,  MWD-22,  and  MWE-22)  and  two 
groundwater  piezometers  (PC-21  and  PC- 22)  were  installed  in  May  and 
June  1993  to  improve  definition  of  the  horizontal  and  vertical  extent  of 
groundwater  contamination.  A  Hydropunch  sample,  HP-2,  was  taken 
and  analyzed  near  the  location  of  MW-19  prior  to  well  installation  to 
determine  the  most  effective  well  location.  Groundwater  samples  were 
collected  during  drilling  of  MWD-20,  MWE-21,  and  MWE-22  to 
improve  the  placement  of  subsequent  monitoring  wells.  A  discussion  is 
provided  in  this  appendu.  Weil  completion  data  are  provided  in 
Appendix  S,  Well  Construction  Data.  Analytical  results  are  presented 
in  Appendix  U,  Historic  Contaminant  Data. 


CH2M  HILL  activities  performed  at  the  north  edge  of  the  Davis  Site  include: 

•  Two  CPT  soundings  (CPT-24  and  CPT-25)  were  performed  about  300 
feet  south  of  County  Road  35  in  April  1993  to  locate  a  favorable  site 
for  an  injection  well  to  dispose  of  treated  groundwater.  A  test  hole 
(TH-1)  drilled  at  this  location  was  sampled  and  geophysically  logged  in 
June  1993.  The  borehole  was  then  abandoned  by  tremie  grouting 
following  geologic  and  geophysical  logging.  Logs  are  provided  in 
Appendix  Q. 

Radian  Corporation  sampled  all  new  and  existing  wells  at  the  site  in  early  July  1993, 
as  part  of  the  McClellan  AFB  groundwater  sampling  and  analysis  program.  Water 
quality  results  are  pending. 


Subsurface  Conditions 

In  general,  the  stratigraphy  underl3ing  the  Davis  Site  consists  of  clay  with  moderately 
continuous  lenses  of  sand  and  silty  sand,  and  less  common  lenses  of  gravel.  The  soil 
profile  has  been  divided  roughly  into  five  zone.s,  "A"  through  "E",  which  apply  to  the 
area  around  the  buildings  at  the  Davis  Site.  The  upper  zone,  designated  ilic  A 
"aquifer,"  contains  one  or  two  layers  of  coarse-grained  material.  The  first  layer  is 
located  between  13  and  18  feet  below  ground  surface  (bgs);  the  second  layer  is 
between  25  and  35  feet  bgs.  The  B  aquifer  is  located  between  about  65  and  95  feet; 
the  C  aquifer  between  about  95  and  145  feet  bgs;  the  D  aquifer  t>etween  about  145 
and  195  feet  bgs;  and  the  E  aquifer  between  about  195  and  245  feet  bgs.  These 
zones  are  variable  in  thickness  and  are  somewhat  laterally  discontinuous  across  the 
site. 


Field  Exploration 
Ex  Situ  Soil  Sample  Collection 

Two  areas  of  existing  soil  piles  have  been  identified  outside  the  Main  Compound 
Area  southeast  of  Building  4710.  The  soil  piles  have  been  identified  as  the  northern 
pile  and  the  eastern  pile.  The  northern  pile  is  from  the  initial  excavation  of  the  diesel 
storag  tanks  (when  the  soil  was  removed  to  expose  the  tanks).  The  eastern  pile  is 
from  the  excavation  and  removal  of  the  three  diesel  tanks  (Personal  Communication, 
Dave  Phillips).  These  piles  do  not  appear  to  have  been  disturbed  since  their  place¬ 
ment;  however,  rodent  burrows  have  been  observed  in  the  piles.  The  eastern  and 
northern  piles  comprise  approximately  560  and  320  cubic  yards,  respectively. 

A  total  of  14  soil  samples  were  collected  in  November  1992  from  the  soil  piles,  five 
from  the  northern  pile  (NSP-IA,  -IB,  -2A,  -2B,  and  -3),  and  nine  from  the  eastern 
pile  (ESP-1  through  ESP-9).  Samples  were  obtained  using  a  hand  auger  to  drill  to  1 
to  2  feet  bgs.  The  samples  were  analyzed  for  total  fuel  hydrocartwns  as  diesel  using 
EPA  Method  8015  Modified  and  for  total  petroleum  hydrocarbons  as  diesel  using 
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EPA  418.1.  Levels  of  diesel  contamination  ranged  nondetect  from  640  mg/kg. 
Results  are  presented  in  Appendix  U. 

Gone  Penetrometer  Soundings 

Six  CPT  soundings,  CPT-18  through  CPT-23,  were  advanced  at  the  Davis  Site  by 
Tonto  Drilling  of  Sacramento,  California,  in  November  1993.  The  intention  of  these 
soundings  was  to  advance  the  probe  to  a  depth  of  approximately  150  feet  to  evaluate 
the  C  and  D  aquifers.  However,  probe  refusal  on  hard  material  or  excessive  inclina¬ 
tion  of  the  probe  prevented  penetration  greatt»  than  113  feet  bgs.  Table  D-1  pro¬ 
vides  a  summary  of  maximum  depth  for  each  sounding  and  the  cause  of  probe 
refusal.  CPT  logs  are  provided  in  .\ppendix  R,  Cone  Penetrometer  Data. 


Table  D-1 

CPT  Borings  at  Davis  Global  Communications  Site 

Sounding 

Depth 

Reason  for  Stopping 

CPT-18* 

58.23 

Unable  to  push  farther 

CPT-18A'’ 

IIII^QQIIIIIII 

12  degree  inclination 

CPT-19' 

5.7 

Electrical  Interference 

CPT-m 

Electrical  Interference 

CPT-20 

98.43 

12  degree  inclination 

CPT-21 

86.94 

12  degree  inclination 

CPT-22 

52.49 

Unable  to  push  farther 

CPT-23 

95.% 

12  degree  inclination 

*CPT-18  could  only  be  advanced  tj  a  58.2-fooi  depth. 

’’CPT-18A  was  advanced  about  50  feet  nonheast  of  CPT-18. 

^CPT-19  was  attempted  southeast  of  CPT-20,  but  equipment  problems  and 
electrical  interference  from  a  transmitter  tower  prevented  completion  of 
the  boring. 


Soil  Vapor  Monitoring  Wells  and  Vapor  Piezometers 

SVMWs  and  piezometers  were  installed  at  the  Davis  Site  in  November  1992  at  the 
locations  shown  in  Figure  D-1.  Well  locations  were  selected  using  the  results  of  shal¬ 
low  soil  gas  sampling  described  in  Appendix  A,  Soil  Gas  Investigation.  The  SVMWs 
installed  include  the  following: 

•  Five  vapor  extraction  wells,  CH-1  through  CH‘5 

•  Four  "shallow"  piezometers,  P-lS,  and  P-3S  through  P-5S  (adjacent  to 
CH-1,  and  CH-3  through  CH-5,  respectively) 

•  One  intermediate  depth  piezometer,  P-2M  (adjacent  to  CH-2) 
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•  Four  "deep"  piezometers,  P-ID,  and  P-3D  through  P-5D  (adjacent  to 
CH-1,  and  CH-3  through  CH-5,  respectively) 

The  wells  were  constructed  in  boreholes  advanced  with  an  8-inch  hollow-stem  auger 
by  Westex  Drilling  of  West  Sacramento,  with  piezometers  placed  in  an  adjacent  bore¬ 
hole.  Standard  Penetration  Tests  (SPTs)  were  performed  at  approximate  5-foot  inter¬ 
vals,  and  soil  samples  were  logged  in  general  accordance  with  the  Unified  Soil  Classi¬ 
fication  System  (i^TM  D  2488).  The  SVMWs  were  originally  drilled  to  a  total  depth 
ranging  from  61.5  to  71.5  feet  bgs  so  that  the  stratigraphy  below  the  wells  could  be 
logged.  The  borehole  was  then  backfilled  with  bentonite  chips  to  the  desired  depth, 
and  the  well  was  constructed.  Locations  and  elevations  of  the  installations  were  sur¬ 
veyed  by  CH2M  HILL.  Boring  logs  and  well  construction  diagrams  are  attached  as 
Appendixes  Q  and  S,  respectively. 

The  extraction  wells  and  their  associated  piezometers  are  saecned  within  the  A 
aquifer.  The  vapor  extraction  wells  consist  of  2-inch  .Schedule  40  PVC  with  a 
screened  interval  of  10  feet,  except  CH-2  which  has  a  screened  interval  of  2  feet. 

The  piezometers  are  constructed  of  a  1-inch-diameter  Schedule  40  PVC,  with  a 
screened  interval  of  2  feet  for  shallow  piezometers,  5  feet  for  the  intermediate  depth 
piezometer,  and  10  feet  for  deep  piezometers.  A  summary  of  installation  details  i'. 
provided  in  Table  D-2. 


TabWD-t 

S«iniiia«y  ot  Vaper  Well  ana  PkaaaBttef  DcMk 

w»w 

1  PleioaBetcr 

Na. 

OfaciipUaa 

TOC 
Klr>all«a 
(fcal  mal) 

ScnriM^ 
iaIamU 
(f*a4  b«l) 

Gravel  Pack 
lotarml 
(fact  HP) 

DeacrlplJoa  ei  Soli 

Arllweat  to  the 

SeneatO  Intotval 

CH-l 

2'inch  'Mil 

28.‘' 

25  to  35 

21  to  37 

SanOy  Sill/Silty  Stnd 

P-IS 

I  -inch  pi«om«ter 

27.62 

14  to  16 

13  5  to  17 

Cljy  w/tnee  Sand 

PID 

I-inch  piezomeier 

27.29 

48  to  58 

43  to  to 

CUy  w/Sand 

CM-2 

2-mch  iMlI 

28.18 

14  to  .6 

135  to  17 

Silty  Sand/Stndy  Silt 

P  2M 

1-mch  piCToroeier 

27.54 

30  to  35 

28  10  36 

Saad  and  Gravel  w/Sil( 

CH-3 

2  inch  'Mil 

27.83 

22  to  32 

20  to  33 

Saad  wX3ravcl  and  Sill 

P-3S 

t-mch  piezometer 

27.48 

15  to  17 

14  5  to  U 

SaadaadSUl 

P  3D 

1  inch  piezometer 

27.21 

48  to  53 

46  to  to 

Clay 

CfM 

2-Inch  well 

28.34 

27  to  37 

26  to  40 

Saad  w/C.'ay  and  Sill 

P-IS 

I  'inch  piezometer 

27.67 

17  to  19 

15  lo2» 

Oay 

P-40 

l-inch  ptezomeier 

27.73 

45  to  55 

41  to  56 

Clay 

CH-5 

2-inch  vnell 

28  49 

28  to  38 

2610  39 

Clayey  Sand/Clay^  Gravel 

P-5S 

l  ir.ch  piezometer 

28.37 

18  to  20 

mmmam 

Sandy  Clay 

P  50 

1  inch  piezometer 

28.36 

45  to  55 

43  to  S«  3 

Oay 

Soil  samples  were  collected  from  borcnoles  for  CH-1  throu^  CH-5  at  approximate 
5-foot  intervals.  Selected  samples  were  submitted  for  analytica}  and  physical  testing. 
Results  are  summarized  in  Table  D-3.  A  complete  listing  of  the  results  is  provided  in 
Appendix  U, 
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Groundwater  Extraction  Wells 


Four  groundwater  extraction  wells  and  seven  groundwater  monitoring  wells  were 
installed  by  Water  Development  Corporation  with  a  Dresser  T70W  Air  Rotary  Casing 
Hammer  drill  rig.  Soil  samples  were  logged  in  general  accordance  with  the  Unified 
Soil  Classification  System  (ASTM  D  2488).  This  drilling  method  uses  threaded  drive 
pipe  to  keep  the  borehole  open  while  drilling  is  accomplished  with  a  tricone  bit 
running  slightly  ahead  of  the  drive  casing.  Drill  cuttings  are  brought  to  the  surface  by 
injecting  air  down  the  drill  pipe  and  up  the  annulus  between  the  drill  pipe  and  drive 
casing.  A  discharge  hose  sends  cuttings  to  a  cyclone  separator  where  they  drop  from 
the  separator. 

The  three  deep  extraction  wells  (EW-lC,  EW-2C,  and  EW-3C  Figure  D-1)  were 
drilled  with  a  12-inch-diameter  borehole  and  were  completed  with  6-inch-diameter 
Schedule  80  PVC  well  casing.  A  6- inch-diameter  stainless  steel  wire  wrap  0.035-inch 
slot  screen  with  an  8  x  16  sand  pack  was  used.  Well  construction  data  are  included  in 
Table  D-4. 


Table  0-4 

Summary  of  Groundwater  Extraction  Conslmction 

Well  No. 

Elevation  TOC 
(feet  msl) 

Screened 
Interval 
(feet  bj5S) 

Sand  Pack 
Interval 
(feet  b«s) 

Casinjj 

Diameter 

(inches) 

Screen 

Slot  Size 
(inches) 

EW-IB 

28.89 

50  to  100 

47  to  1(W 

4 

0.035 

EW-lC 

28.74 

l.tO  to  140 

124  to  141 

6 

0.035 

EW-2C 

29.48 

78  to  108 

72  to  1 10 

6 

0.035 

EW-3C 

28.59 

93  to  108 

87  to  1 10 

6 

0.035 

Wells  were  swabbed  during  installation  of  the  sand  pack  to  increase  settlement  of  the 
sand.  The  sand  pack  was  brought  approximately  4  feet  above  the  top  of  the  screen, 
and  No.  30  transition  sand  seal  was  installed  followed  by  a  bentonite  seal.  Following 
hydration  of  the  bentonite  seal,  cement  bentonite  grout  was  tTcmied  to  ground  sur¬ 
face.  Shallow  Extraction  Well  EW-IB  was  drilled  and  completed  in  the  same  manner 
except  that  a  10-inch  borehole  ’"as  used  with  4-inch  well  casing  and  screen.  The  wells 
inside  the  compound  (EW-IB  and  EW-lC)  were  completed  just  belowgrade  with  sur¬ 
face  concrete  vaults.  The  wells  outside  the  compound  were  completed  with  above- 
grade  monuments. 

All  extraction  and  monitoring  wells  were  developed  by  bailing,  surging,  and  pumping 
until  clear  water  was  being  pro<Juced  with  clarity  better  than  5  nephelometric  turbidity 
units  (NTU)  and  stable  pH,  conductivity,  and  temp>erature  readings. 
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Cuttings  and  water  produced  during  drilling  were  stored  onsite  in  a  rolloff  bin  pro¬ 
vided  by  Delta  Oilfield  Services  of  Woodland,  California.  When  soil  samples 
obtained  from  EW-lC  (at  81  and  83  feet  bgs)  were  found  to  be  nonhazardous, 
cuttings  were  spread  out  adjacent  to  the  diesel  contaminated  soil  piles  east  of  the 
main  compound  area.  Drilling  and  development  water  for  the  four  extraction  wells 
was  taken  to  the  McClellan  Air  Force  Base  (AFB)  Industrial  Wastewater  Treatment 
Plant. 

Observations  During  Development 

Short  duration  pump  tests  were  conducted  during  the  final  stage  of  development  of 
the  extraction  wells  to  estimate  aquifer  parameters.  These  estimates  will  be  used  to 
design  the  long-term  aquifer  tests  required  to  assess  extraction  system  performance. 
Water  was  pumped  to  a  6,500-gallon  storage  tank  provided  by  Delta  Oilfield  Services 
and  was  subsequently  hauled  in  5,000-gallon  tank  trucks  to  the  McClellan  AFB  indus¬ 
trial  Wastewater  Treatment  Plant.  A  summary  of  pump  test  findings  is  included  in 
Table  D-5.  In  general,  most  data  represents  1  hour  of  pumping  at  a  constant  rate. 


Table  D-S 

Extraction  Wells  at  Davis  Global  Communications  Site 


Pumping  Rate 

Drawdown 

Speciilc  Capacity 

Transmissivity 

Well  No. 

fepm) 

(feet) 

(spntlt) 

(ft^/day) 

EW-IB*** 

23 

iO 

2.3 

480* 

68 

27.5 

2.5 

460**  1 

SiH)** 

EW-lC* 

77 

4.4 

17.5 

4.000 

EW.2C* 

76 

8.5 

8,9 

EW.3C 

45 

41 

1.1 

420 

MW- 19**  (B  aquifer) 

40 

9.0 

4,4 

‘8X) 

MWe-ZO** 

41 

.35,9 

1.1 

300 

MWD-ZO** 

40 

10.5 

3.8 

l.(XX) 

MWD-21** 

40 

12.7 

3.1 

830 

MWD-ZZ** 

40 

3.12 

12,8 

llllllllllll^^ 

MWE-21** 

20 

1.28 

15.6 

4.2(X) 

•MWE-ZZ** 

40 

1..32 

.30..3 

8,100 

■*111056  wells  were  analyzed  using  a  method  developed  by  Qxipcr  and  Jacob  (1946). 
*Thcsc  wells  were  analyzed  using  a  method  developed  by  Dri.sa)ll  (1986). 


Well  EW-IB  was  pumped  for  3  hours  (180  minutes)  at  23  gallons  per  minute  (gpm) 
on  May  1 1,  1993.  After  3  hours  of  pumping,  EW-IB  had  a  total  drawdown  of  10  feet. 
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During  the  pump  rest,  B  aquifer  Monitonng  Wells  MW-1,  MW-2,  MW-3,  MW-5, 
MW-7,  and  MW-8  were  monitored  with  a  Hermit  20(X)  8-channel  data  logger. 
Extraction  Weil  EW-lC,  adjacent  to  Well  EW-IB  but  screened  from  130  to  140  feet 
bgs,  was  also  monitored.  Water  level  data  collected  at  these  locations  arc  plotted  on 
Figure  D-2.  A  Cooper-Jacob  analysis  of  the  time-drawdown  data  yielded  a 
transmissivity  of  480  fr/day  in  the  vicinity  of  Well  EW-IB.  All  of  the  monitored  v/ells 
responded  to  pumping  Well  EW-IB  with  a  drawdown  in  approximate  inverse  propor¬ 
tion  to  the  distance  from  the  well. 

Well  EW-IB  (screened  across  the  full  depth  of  the  B  aquifer)  produced  more  water 
than  was  anticipated,  according  to  the  performance  of  the  mcniioring  wells  in  the 
vacinity.  However,  those  monitoring  wells  were  drilled  with  hollow-stem  augers  and 
have  shorter  screened  intervals.  (Drilling  through  the  long  intervals  of  clay  strata 
above  the  sand  zones  can  result  in  clay  material  partially  s^'aling  off  the  nroductive 
sand  zones  and  reducing  the  yield  of  the  well.)  Air  rotary  casing  hamm,  *  methods 
combined  with  thorough  development  are  not  likely  to  have  these  problems. 

An  additional  test  was  performed  on  Well  EW-IB  at  a  pumping  rate  of  approximate¬ 
ly  68  gpm  on  May  11.  1993,  starting  at  9:45  a.m.  The  same  observation  wells  moni¬ 
tored  in  the  previous  test  were  used  to  measure  drawdown.  Drawdown  after  1  hour 
was  27.5  feet  in  pumping  Well  EW-lB  as  measured  by  hand.  All  ihe  observation 
wells  had  measurable  drawdown  after  60  minutes  of  pumping. 

.A  third  pump  test  was  performed  on  Weil  EW-lC,  screened  from  130  to  140  feet  bgs 
in  a  gravelly  channel  deposit.  TTte  well  was  pumped  for  68  minutes  at  a  ra»e  of 
approximately  77  gpm  on  May  13,  1993,  yielding  a  maximum  drawdown  of  4.26  feet. 
Drawdown  was  al.so  measured  in  shallow  Monitoring  Wells  MW-2,  MW-3,  MW-7,  and 
MWD-2.  MWD-2  is  located  near  the  eastern  compound  fence  and  screened  in  the 
same  gravelly  zone  as  EW-lC.  Drawdown  was  observed  in  ail  the  B  aquifer  observa¬ 
tion  wells  that  were  monitored.  After  68  minutes  of  pumping,  drawdown  measured  in 
observation  MWD-2  was  3.28  feet.  This  measurement  indicates  a  broad  shallow  cone 
of  depression,  which  is  consistent  with  a  zone  of  high  transmissivity.  Transmissivity 
was  calculated  as  4,0(X)  it*/day. 

Monitoring  Weil  Installation,  Groundwater  Sampling, 

Piezometer  Installation,  and  Hydropunch  Sampling 

Seven  new  groundwater  Monitoring  Weils  (MW-19,  MWC'*0,  MWD-20,  MWD-21, 
MWE-21,  MWD-22,  and  MWE-22)  and  two  groundwater  Piezometers  (PC-21  and 
PC-22)  were  drilled  and  installed  in  May  and  June  1993  to  impnwe  definition  of  the 
horizontal  and  vertical  extent  of  groundwater  contamination.  Well  completion  data 
are  given  below  in  Table  D-6. 


Table  D-6 

Monitoring  We!l  Construction 

Well  No. 

Elevation  TOC 
(feet  msl) 

Screened 
Interval 
(feet  bgs) 

Sand  Pack 
Interval 
(feet  bgs) 

Casing 

fiaches) 

Screen 

Slot  Size 
(inches) 

PC-21 

27.96 

82  to  92 

79  to  93 

4 

0.020 

PC-22 

28.11 

91  to  101 

85  to  104 

4 

0.020 

MW- 19 

25.98 

71  to  81 

67  to  82 

4 

0.020 

MWC-20 

31.75 

88  to  108 

78  to  110 

4 

0.020 

MWD-20 

30.34 

143  to  163 

135  to  164 

5 

0.020 

MWD-21 

29.16 

148  to  168 

143  to  172 

5 

0.020 

MWE-21 

29.92 

196  to  216 

192  to  222 

5 

0.020 

MWD-22 

26,65 

147  to  167 

140  to  172 

5 

0.020 

MWE-22 

26.51 

198  to  218 

187  to  224 

5 

0.020 

Monitoring  Wells  MW- 19,  MWD-20,  MWE-21,  and  MWE'22wcre  planned  to  be 
drilled  at  locations  estimated  to  be  at  the  edge  of  the  gnnsBdwater  contamination 
plume  based  on  available  data. 

A  Hydropunch  groundwater  sample,  HP-2,  was  taken  near  MW- 19  at  a  depth  of 
approximately  72  feet  bgs  and  analyzed  by  CH2M  HILL  fiw  VOCs.  No  VOCs  were 
detected;  therefore,  MW- 19  was  drilled  at  the  planned  location.  Two  additional 
attempts  were  made  to  collect  a  C-zone  Hydropunch  sample  (HP-3  at  a  depth  of 
approximately  100  feet  bgs).  The  first  attempt  met  refusal  at  62  feet  bgs  and  the 
second  at  66  feet  bgs.  Groundwater  samples  were  taken  (huiag  drilling  of  MWD-20, 
MWE-21,  and  MWE-22  to  provide  guidance  for  locations  of  the  remaining  monitoring 
wells.  Results  are  presented  in  Appendix  U. 

During  drilling  of  MWE-21,  a  220-foot-deep  boring  south  of  the  compound,  a  ground- 
water  sample  was  taken  at  a  depth  of  170  feet  using  the  foQoiring  procedure: 

The  drill  bit  was  advanced  several  feet  into  a  water  producing  sand  and 
gravel  zone,  and  water  was  air  lifted  ri-om  the  borehoie  until  the  water 
clarity  improved.  The  drill  bit  and  drill  pipe  were  leaowed  and 
replaced  with  a  submersible  pump.  The  pump  was  operated  for 
approximately  an  hour  until  water  quality  pat-’meten  were  stable  and 
clear  water  was  produced.  The  pump  was  removed,  and  a  san^e  was 
taken  from  the  producing  zone  using  a  clean  Teflon  bader.  This  sample 
was  analyzed  for  volatile  organic  compounds  {VOCs)  (Methods  8010/ 

8020)  with  a  1-day  turnaround  time  by  the  Central  V^ey  Regional 
Water  Quality  Control  Board  (CVRWQCB)  Laboiainy  in  Sacramento, 
California,  llie  analysis  detected  0.3  /ig/1,  1,1-dichkxuethan^  10.2  /ig/l, 
cis-l,2-dichloroethlene  (DCE);  2.9  jig/1,  trans-l,2-DCE;  and  36t9  ftg/l. 
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trichloroethens  (TCE)  indicating  the  gioundwater  plume  had  moved  at 
least  as  far  as  this  well  location  in  the  D  aquifer. 

Drilling  on  Well  MWE-21  continued  until  a  gravel  zone  was  encountered  from  about 
198  to  223  feet.  This  gravel  layer  was  underlain  by  clay.  A  5-inch-diameter  PVC 
cased  well  was  constructed  using  20  feet  of  stamless  steel  wire  wrap,  0.020-inch  slot 
screen  from  198  to  218  feet  and  an  8  x  20  sand  pack.  The  well  was  completed  in  the 
same  manner  as  the  extraction  wells.  Several  wells  had  a  flowing  sand  condition  in 
the  screened  interval,  which  resulted  in  removal  of  large  volumes  of  sand  and  gravel 
during  drilling.  In  these  cases,  two  to  three  times  the  nominal  calculated  volume  of 
sand  pack  was  used  in  the  screened  interval  (30  to  40  cubic  feet  rather  than  the  nomi¬ 
nal  13  to  15  cubic  feet  of  sand)  to  properly  sand  pack  the  well.  The  sand  pack  was 
swabbed  two  or  three  times  in  these  instances  to  ensure  that  it  was  properly  settled. 

As  a  result  of  the  contamination  found  in  the  sample  from  Well  MWE-21,  Well 
MWD-21  was  drilled  500  feet  south  of  MWE-21  in  an  attempt  to  locate  the  edge  of 
the  pbme  in  the  D  aquifer. 

MWE-22A  was  drilled  on  the  west  side  of  the  Site  Entrance  read.  A  sample 
obtained  at  160  feet  yielded  2.6  ;tg/l,  l,i-dichloroethene;  1.4  /ig/1,  cis-l,2-DCE; 

2.0  /ig/1,  toluene;  and  11.7  /ig/1,  TCE  using  Methods  601/602.  After  sampling,  this 
borehole  was  abandoned  when  the  well  casing  broke  above  the  screen  during  well 
installation.  The  casing  was  removed,  and  the  remaining  borehole  was  tremie  grouted 
to  the  ground  surface.  This  abandoned  borehole  is  referred  to  as  MWE-22A.  A  new 
well,  MWnE-22,  was  relocated  further  south  and  east,  on  the  east  side  of  the  entrance 
road. 

During  drilling  of  MWE-22,  a  sample  was  obtained  at  160  feet  which  yielded  no 
detection  of  VOCs  except  0.1  ftg/l  of  cis-l,2-DCE,  using  EPA  Methods  601/602.  Well 
MWD-22  was  drilled  adjacent  to  MWE-22. 

During  drilling  of  MWD-2C,  southwest  of  the  compound,  a  groundwater  sample  was 
obtained  from  a  sand  zone  at  100  feet.  Water  from  the  MWD-20  borehole  could  not 
be  successfully  pumped  because  of  a  flowing  sand  condition  which  "sand-locked"  the 
pump.  The  water  level  was  allovwd  to  rise  in  the  drive  casing,  and  a  bailed  sample 
was  obtained  and  submitted  to  the  CVRWQCB,  which  yielded  no  detection  of  VOCs 
using  EPA  Methods  601/602.  Well  MWC-20  was  drilled  adjacent  to  MWD-20, 

The  two  C  aquifers  groundwater  piezometers,  PC-21  and  PC-22,  were  drilled  by 
Water  Development  Corporation  with  a  CME-75  hollow-stem  auger  rig.  A  borehole 
was  drilled  with  an  8-inch  auger  and  then  reamed  with  a  12-inch  auger.  A  4-inGh 
Schedule  40  PVC  casing  was  installed  inside  the  12-inch  auger  with  10  feet  of 
0.020-inch  slot  stainless  steel  wire  wrap  screen  and  an  8  x  20  sand  pack. 
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Cone  Penetrometer  Soundings  and  Test  Hole 

An  injection  well  is  proposed  near  the  north  edge  of  the  Davis  Site  due  north  of  the 
compound  and  about  300  feet  south  of  County  Road  35  (Figure  D-3)  to  dispose  of 
treated  groundwater  from  the  proposed  groundwater  treatment  plant.  Two  CPT 
soundings,  CPT-24  and  CPT-25,  were  advanced  by  Tonto  Drilling  of  Sacramento, 
California,  at  the  extraction  well  locations  proposed  in  the  Remedial  Design  Report. 
The  CPT  probe  met  refusal  at  66.44  feet  in  CPT-24  and  at  68J)8  feet  in  CPT-25.  In 
both  cases,  refusal  resulted  from  excessive  firiction  on  the  rods  in  clay,  not  resistance 
at  the  CPT  tip.  Both  CPT  holes  were  advanced  in  clay  or  silty  clay  as  noted  in  the 
interpretation.s  by  Tonto  Drilling.  CPT  logs  are  presented  in  Appendix  R. 

Test  Hole  1  (TH-1)  was  drilled  adjacent  to  CPT-25  by  Water  Development  Corpora¬ 
tion,  using  a  CME-85  high-torque  auger  rig  modified  to  use  mud  rotary  methods.  A 
6-inch  tricone  bit  was  used  to  drill  to  60  feet.  The  borehole  was  cored  from  60  to  270 
feet  using  a  wireline  coring  system  with  modified  California  spin-spoon  samplers  con¬ 
taining  brass  liners.  The  core  was  logged  and  stored  in  wax  coated  cardboard  core 
boxes.  Boring  and  geophysical  logs  are  given  in  Appendix  Q. 

Geophysical  logging  was  conducted  in  Test  Hole  TH-1  by  Weiesco  of  Woodland, 
California,  from  ground  surface  to  255  feet.  In  spite  of  the  thick  drilling  mud  used, 
the  hole  caved  between  255  feet  and  270  feet  in  the  time  it  totA  to  remove  the  drill 
string  and  insert  the  geophysical  tool.  Resistivity,  spontaneous  potential,  and  gamma 
ray  logs  were  conducted,  yielding  results  consistent  with  the  gst^ogic  logs. 

Soil  samples  taken  at  104  to  106.5  feet,  203  to  205  feet,  and  232  to  236  feet  were  sent 
to  Mineralogy  Incorporated  of  Tulsa,  Oklahoma.  The  following  analyses  were  per¬ 
formed  on  the  samples  to  provide  design  parameters  for  the  reinjection  wells; 

•  X-:  jy  diffr action 

•  Thin  slab  core  description  and  photography 

•  Acid  insoluble  residue 

•  Grain  site  distribution 

•  Horizontal  and  vertical  porosity 

•  Air  permeability  and  grain  density 

•  Specific  gravity 

•  Cation  exchange  capacity 

•  Scanning  electron  microscopy 

•  Energy  dispersive  x-ray  analysis 

•  Petrographic  thin  section  analysis 

•  Total  organic  carbon  analysis 
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FIGURE  D-3 

TEST  HOLE  AND 

CRT  SOUNDING  LOCATIONS 


OAVrtS  GLOBAL  COMhRWICATWXIS  SITE 
McClellan  aib  eobce  base 

YOLO  COUNTY,  CALff=ORN»A 


Attachment  D-1,  the  Mineralogy  Incorporated  report,  is  attached  at  the  end  of  this 
appendix. 

Subsuiface  Conditions  at  North  Edge  of  the  Site 

The  subsurface  conditions  at  the  north  edge  of  the  site  is  significantly  different  than  in 
the  vicinity  of,  and  south  cf  the  compound  area.  Permeable  sandy  gravel  was  encoun¬ 
tered  between  42  and  46  feet  and  52  and  58  feet.  Circulation  was  lost  in  each  zone. 
Below  58  feet,  no  permeable  zones  were  encountered  until  at  98  feet  where  a  silty 
sand  was  encountered.  This  unit  became  coarser  with  depth  to  a  well-graded  sand 
from  104  to  108  feet.  The  interval  between  108  to  190  feet  consisted  of  clay  and  silt. 
(None  of  the  highly  permeable  gravel  commonly  found  from  150  to  170  feet  near  the 
compound  were  found  at  TH-1.)  A  silty  sand  was  present  at  195  teet,  which  graded 
to  a  poorly  graded  sand  at  203  feet  and  coarsened  around  212  feet  to  a  silty  gravel. 
The  interval  from  215  to  232  feet  was  primarily  silt.  A  productive  gravel  zone  was 
encountered  from  232  to  263  feet.  Core  recovery  in  this  zone  was  vety  poor  because 
the  core  barrel  blocked  off  very  quickly  with  pieces  of  coarse  gravel  each  time  a  core 
was  attempted.  Clay  was  present  again  from  263  to  268  feet  with  sand  from  268  feet 
to  the  bottom  of  the  borehole  at  270  feet. 
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SUBJECT 

Core  analysis  results  for  three  selected  core  intervals  from  the 
CH2M  Hill  Project  No.  SAC28722.55. 10,  McClellan  AF3-Davis  Comm. 
Site.  Mineralogy,  Inc.  Job  Mo.s  93-327 


SUMMARY 

The  three  core  intervals  submitted  for  analysis  from  the  McClellan 
AFB-Oavis  Comm.  Site  are  representative  of  an  unconsolidated, 
generally  matrix-rich  reservoir.  Texturally,  the  core  intervals 
range  from  fine-grained  and  well  sorted  ^04-106. 5  feet),  to 
bimodally  distributed,  very  poorly  sorted  sandy  pebble  conglomerate 
(232-236  feet).  The  sandstone  cores  commonly  display  fining- 
upwards  cycles,  characterized  by  abrupt  (locally  erosional)  basal 
contacts,  followed  by  crose-bedded  sand  capped  with  parallel 
laminated,  matrix-rich  sand  and/or  clay  lamina.  Mineralogically, 
the  cores  are  enriched  with  respect  to  lithic  rock  fragments  and 
contain  significant  volumes  of  smectite-rich  clay.  Storage 
capacity  for  the  sandstone  intervals  is  excellent  (36.8-39.3%), 
however,  air  permeability  values  are  low  (relative  to  matrix-poor 
reservoir  sandstones  with  comparable  porosity  values).  The 
abundance  of  pore- filling  and  grain-coating  smectite  has  resulted 
in  the  presence  of  a  significant  volume  of  intercrystalline 
microporosity  and  a  subsequent  reduction  in  the  transmissivity  of 
these  reservoir  rocks.  The  large  volumes  of  smectite  may 
contribute  to  permeability  loss  and  formation  damage  due  to  changes 
in  pore  fluid  salinity  and/or  clay  migration. 


INTRODUCTION 


Three  separate  core  intervals  were  submitted  for  analysis  from  the 
CH2M  Hill  Project  No.  SAC28722 . 55 . 10 ,  McClellan  AFB-Davis  Comm. 
Site.  A  full  suite  of  core  analysis  tests  inclurij.ng:  x-ray 
diffraction,  thin  slab  core  description  and  photography,  acid 
residue  analysis,  grain  size  distribution  analysis,  horizontal  and 
vertical  porosity,  air  permeability  and  grain  density  analysis, 
specific  gravity  analysis,  cation  exchange  capacity,  scanning 
electron  microscopy,  energy  dispersive  x-ray  analysis,  petrographic 
thin  section  analysis,  and  total  organic  carbon  analysis  were 
performed  on  representative  samples  from  each  of  the  three  core 
intervals.  Due  to  the  disaggregated  character  of  the  lowermost 
core  from  this  well  (232.0-236.0  feet),  helium  porosity,  air 
permeability  and  grain  density  measurements  were  not  obtained  for 
this  sample. 


DISCUSSION  OF  RESirLTS 


PAGES  1-3A,  THIN  SLAB  PHOTOGRAPHS  AND  DESCSIPTIOKS 

Descriptions  of  the  slabbed  core  material  frtMB  each  of  the  three 
core  intervals  are  presented  on  Pages  1-3A  of  this  report.  The 
core  descriptions  are  accompanied  by  photographs  of  the  slabbed 
core  material  on  each  of  the  three  facing  pages.  The  two  sandstone 
core  intervals  (104-106.5  and  203-205  feetf  are  characterized  by 
very  fine  to  medium-grained,  generally  well-sorted,  porous, 
unconsolidated,  litharenitic  sandstone.  Each  of  the  sandstone  core 
intervals  displays  fining  upward  cycles  ranging  from  2-6"  in 
thickness,  which  reflect  a  pulse-like  depositional  history 
characterized  by  initial  phases  of  bedload  current  transport, 
capped  by  finely-textured  sediments  deposited  from  a  combination  of 
suspension  and  waning  bedload  transport.  The  core  interval  between 
203  and  205  feet  is  characterized  by  a  relatively  larger  percentage 
of  detrital  clay  matrix  lenses  and  laminae.  Sedimentary  structures 
present  within  both  of  the  core  intervals  indicate  the  presence  of 
low  to  moderate  angle  cross-bedded  sandstone,  with  foreset  dips 
ranging  between  approximately  5  and  30  degrees  relative  to  the 
horizontal.  The  localized  presence  of  laminated  clay  matrix 
material  (especially  within  the  interval  between  204  and  205  feet) 
suggests  that  vertical  permeabilities  could  be  as  much  as  an  order 
of  magnitude  less  for  those  intervals  containing  significant 
amounts  of  clay  within  the  reservoir. 

The  disaggregated  core  material  depicted  on  Page  3A  from  reservoir 
depth  232-236  feet  is  comprised  of  sandy  pei^le  conglomerate,  which 
lacks  any  preserved  sedimentary  structures.  The  granule  and 
pebble-sized  fraction  within  this  core  material  is  admixed  with  a 
significant  percentage  of  sandy  and  silty  clay  oiatrix  material, 
which  serves  as  a  binding  agent  within  the  conglomerate.  This 
sediment  is  very  poorly  sorted,  bimodally  distributed,  and  enriched 
with  respect  to  lithic  fragments. 


T2VBLE  1.  X-RAY  MINERALOGY 


Results  of  the  x-ray  diffraction  analysis  for  each  of  the  three 
core  s^unples  are  summarized  in  Table  1  of  this  report.  Significant 
mineral  constituents  present  within  each  of  the  three  core 
intervals  include  quartz  (61-70%),  plagioclass  feldspar  (8-9%),  K- 
feldspar  (2-5%),  serpentine  (trace-4%),  kaolinite  (1-2%),  and 
smectite  (15-19%).  Minor  to  accessory  mineral  constituents  present 
within  one  or  more  of  the  core  samples  include  calcite,  dolomite, 
siderite,  pyrite,  chlorite,  and  illite/mica. 

TABLE  2.  ACID  INSOLUBLE  RESIDUE  ANALYSIS 

The  percentage  of  acid  insoluble  residue  measured  for  these  core 
samples  in  summarized  in  Table  2  of  this  report.  These  results 
indicate  that  the  percentage  of  acid  insoluble  mineral  matter 
present  within  these  samples  range  between  87.5%  and  90.4%  of  the 
bulk  volume.  In  light  of  the  x-ray  diffraction  results  reported  in 
Table  1,  the  acid  insoluble  residue  values  indicate  that  in 
addition  to  dissolution  of  the  minor  amounts  of  carbonate  cement, 
the  acid  solution  was  effective  in  dissolving  a  significant  portion 
of  the  clay  matrix  fraction  present  within  these  samples. 

TABLE  3.  GRAIN  SIZE  OISTRIBOTxON  ANALYSIS 

The  results  of  the  grain  size  distribution  analysis  for  each  of  the 
three  core  samples  from  this  well  are  included  in  Table  3  of  this 
report.  The  two  uppermost  samples  from  the  reservoir  (105.2  and 
204.2  feet)  are  best  described  as  moderately  well-sorted,  fine¬ 
grained  sandstone,  and  very  fine-grained  sandstone  respectively. 
Each  of  these  two  sandstones  displays  a  normal  or  Gaussian  size 
distribution.  The  silt  and  clay  fraction  within  the  core  sample 
from  depth  105.2  feet  accounts  for  approximately  10.8  weight 
percent.  The  silt  and  clay  fraction  within  the  ore  from  depth 
204.2  feet  accounts  for  23.24%.  The  grain  size  distribution  for 
the  lowermost  core  sample  (235-236  feet)  reflects  the  very  poorly 
sorted,  coarse  texture  of  the  sandy  pebble  conglomerate 
characterizing  this  interval.  Very  coarse  sand  to  pebble-size 
material’  accounts  for  approximately  79.39%  of  the  total  sample 
weight.  The  small  volume  of  silt  and  clay  observed  within  the 
grain  size  analysis  of  this  sediment  (1.43%)  apparently  contradicts 
the  results  of  the  x-ray  diffraction  analysis  and  thin  section 
petrography  presented  for  this  sample.  In  partial  explanation  of 
this  discrepancy,  it  should  be  noted  that  a  significant  percentage 
of  the  clay  matrix  detected  in  the  x-ray  analysis  of  this  sample  is 
present  as  a  primazry  constituent  within  many  of  the  pebble  to 
granule-size  rock  fragments  characterizing  the  mineralogy. 
Additionally,  the  relatively  small  volume  of  sample  material 
employed  in  the  x-ray  diffraction  analysis  resulted  in  a  sampling 
bias  which  favored  the  more  fine-grained  matrix  material,  which  is 
admixed  with  the  pebble  to  granule-sized  clasts  from  this  interval. 


TABLE  4.  POROSITY,  PERMEABILITY  AND  GRAIN  DENSITY  ANALYSIS 


Results  of  the  helium  porrsity,  aii  permeability  and  grain  density 
measurements  for  horizontal  and  vertical  core  plugs  from  the  two 
uppermost  core  intervals  sampled  in  this  reservoir  are  presented  in 
Table  4  of  this  report.  As  mentioned  in  the  introduction,  che 
coarse  texture  and  disaggregated  charactar  of  the  lowermost  core 
interval  (232-/36  feet)  prevented  the  successful  sampling  of  this 
core  interval  for  porosity  and  permeability  determination.  Helium 
porosity  values  for  the  core  samples  from  depths  105.3  and  204.3 
feet  are  39.2‘i:  and  36.7%  respectively.  These  porosity  values  are 
consistent  with  experimental  porosities  obtained  for 
unconsolidated,  moderately  to  well-sorted,  loosely-packed  sandstone 
reservoirs.  Horizontal  permeabilities  for  these  two  cores  are 
141md  and  550md  respectively.  Vertical  permeaoilities  range 
between  218md  and  2115md.  The  vertical  perSiaability  of  2115md 
reported  for  sample  depth  204.3  feet  is  artificially  high  due  to 
the  presence  of  a  vertical  fracture  characterizing  the  vertical 
core  plug  obtained  from  this  sample.  In  general,  the  nermeability 
values  reported  for  these  core  plug  samples  are  fairly  low,  given 
the  large  volume  of  helium  porosity  measured.  The  lower  than 
expected  peirmeability  values  reflects  a  significant  degree  of 
tortuosity  within  the  intergranular  pore  network,  and  is  directly 
attributable  to  the  large  volume  of  clay  matrix  .dne  als  identified 
within  the  sandstones.  Grain  density  measurements  for  each  of  the 
sandstone  samples  reported  in  Table  4  is  2.72  g/cc. 

TABLE  5.  SPECIFIC  GRAVITY  ANALYSIS 

Specific  gravity  measurements  for  the  three  core  s2unples  from  this 
well  are  summarized  in  Table  5  of  this  report.  Specific  gravity 
values  range  between  2.29  g/cc  though  2.43  g/cc.  The  core  s.unple 
from  depth  105.2  feet  displays  the  highest  specific  gravity  value 
observed  (2.43  g/cc  ,  reflecting  the  presence  of  minor  amounts  of 
siderite  and  pyrite  within  sandstone. 

TABLE  6.  CATION  2XC  NGE  CAPACITY 

The  summary  of  the  cation  exchange  capacity  analysis  is  provided  in 
Table  6  of  this  report.  CEC  values  for  these  sandstones  range 
between  3.38  and  11.20  meq/Na  lOOg  of  core.  These  values  are 
consistent  with  sediments  containing  significant  volumes  of 
smectite-rich  clay  matrix  material.  The  core  sample  from  depth 
204.1  feet  displays  the  highest  CEC  value  of  11.20  meq/Na  lOOg. 
This  maximum  is  consistent  with  the  x-ray  mineralogy  for  this 
sandstone,  given  the  large  volume  of  smectite-rich  clay  matrix 
identified  for  this  interval  (24%  total  matrix;  see  Table  1). 

TABLE  7.  TOTAL  ORGANIC  CARBON  ANALYSIS 

The  percentage  of  total  organic  carbon  meastared  for  each  of  the 
three  core  intervals  is  reported  in  Table  7  of  this  report.  The 
percentage  of  organic  carbon  ranges  between  0.06%  and  0.12%.  The 


uppermost  core  at  105.2  feet  displays  the  largest  percentage  of 
organic  carbon  which  accounts  for  0.12%  of  che  bulk  volume  within 
this  sample. 

FIGURES  1-3.  SEM  ANALYSIS 

Results  of  the  SEM  analysis  are  presented  in  Figure  plates  1-3, 
together  with  the  associated  descriptive  captions  for  each  sample. 
The  SEM  analysis  of  these  sandstones  indicates  that  these  core 
samples  are  comprised  of  unconsolidated,  loosely-packed,  matrix- 
rich,  litharenitic  sandstone.  The  uppermost  cores,  at  depths  105.3 
and  204.2  feet  respectively,  are  characterized  by  moderately  well 
sorted  to  well  sorted  detrital  frameworks,  which  contain  an 
abundance  of  pore- filling  and  grain-coating  smectite-rich  clay 
matrix  material.  The  disaggregated  sample  from  depth  235-236  feet 
is  characterized  by  a  very  poorly-sorted  mixture  of  granules  and 
pebbles,  admixed  with  intersticial  silt  and  smectite-rich  clay 
matrix.  The  clay  matrix  present  within  this  S6unple  serves  as  a 
binding  agent  for  the  finer-grained  sand  and  silt  fraction.  The 
abundance  of  smectite-rich  clay  matrix  within  each  of  the  three 
core  intervals  indicates  that  significant  reservoir  management 
problems  could  result  from  induced  fluid  flow  and/or  pore  fluid 
salinity  changes  within  the  reservoir.  The  widespread  presence  of 
smectite  is  likely  to  result  in  swelling  and  partial  to  complete 
closure  of  intergranular  pore  throats  upon  exposure  of  the 
formation  to  fresh  water.  The  loosely-attached  character  of  the 
pore-filling  clay  matrix  additionally  suggests  that  clay  migration 
is  likely  to  accompany  enhanced  production  and/or  injection  rates 
within  this  reservoir. 

FIGURES  4-9.  THIN  SECTION  ANALYSIS 

Summaries  of  the  petrographic  analysis  for  each  of  the  three  core 
samples  from  this  reservoir  are  provided  on  the  individual  thin 
section  descriptions  with  representative  photomicrographs  presented 
in  Figures  4-9  of  this  report.  The  two  sandstone  samples  from  this 
well  (105.3  and  204.2  feet)  are  characterized  as  unconsolidated, 
porous,  fine-grained,  well-sorted,  matrix-rich,  litharenitic 
sandstones.  These  core  intervals  are  loosely  packed,  and  display 
a  predominance  of  point-to-point  intergranular  contacts,  with 
scattered  patches  of  pseudomatrix  derived  from  mechanically 
squashed  ductile  rock  fragments.  Mineralogically,  the  two 
sandstone  samples  are  similar,  and  contain  a  predominance  of 
monocrystalline  quartz,  metamorphic  rock  fragments,  volcanic  rock 
fragments,  feldspar  (plagioclase  and  K- feldspar ) ,  polycrystalline 
quartz,  and  chert.  Clay  matrix  components  are  relatively  more 
abundant  within  the  sample  from  depth  204.2  feet.  The  clay 
fraction  is  dominated  by  smectite  within  both  of  the  sandstone 
samples,  which  occurs  as  diffuse  clusters  of  pore-filling  clay 
matrix,  as  well  as  grain-coating  authigenic  clay.  Much  of  the 
pore-filling  clay  matrix  is  interpreted  as  infiltrated  detrital 
clay,  which  was  introduced  into  these  sandstones  shortly  following 
deposition.  Some  authigenic  clay  matrix  has  been  derived  due  to 
the  partial  to  complete  dissolution  and  replacement  of  chemically 


metastable  rock  fragments  and  feldspar  grains.  Macro  pore  volumes 
within  these  two  sandstones  are  visually  estimated  to  range  between 
approximately  23  and  26%  of  the  bulk  volume.  The  predominant  macro 
pore  type  is  intergranular  porosity,  with  minor  amounts  of 
intragranular  dissolution  porosity  present  in  association  with  the 
partially  leached  feldspar  grains  and  rock  fragments. 
Intercrystalline  micro  porosity  is  significant  within  both 
sandstones  in  association  with  the  clusters  of  diffuse  pore-filling 
clay  matrix  material.  The  clay  matrix  has  contributed  to  a  highly 
torturous  flow  network  within  each  of  the  sandstone  samples, 
resulting  in  lowered  permeabilities  for  these  unconsolidated  sand 
intervals. 

The  disaggregated  core  sample  from  depth  235-236  feet  is 
characterized  as  a  matrix-rich,  sandy  pebble  conglomerate.  The 
thin  section  sample  indicates  a  bimodally-distributed  texture 
characterized  by  coarse  sand  to  pebble-sized  grains  admixed  with 
silty  and  sandy  clay  matrix  material.  Detrital  components  include 
quartz,  volcanic  rock  fragments,  metamorphic  rock  fragments, 
feldspar  (plagioclase  and  K-feldspar) ,  sedimentary  sandstone  rock 
fragments,  and  chert.  Thin  section  porosity  estimates  are 
meaningless  for  this  sample,  given  the  absence  of  an  undisturbed 
detrital  fraunework.  The  abundance  of  smectite-rich  clay  matrix 
material  apparent  in  the  thin  section  sample  suggests  that 
permeability  for  this  reservoir  interval  is  unlikely  to  exceed  the 
values  for  the  two  sandstone  samples  reported  in  Table  4. 

ENERGY  DISPERSIVE  CHEMICAL  ANALYSIS  (EDX) 

Energy  dispersive  x-ray  analysis  of  the  three  core  intervals 
indicates  that  silicon  (Si)  is  the  most  abundant  elemental 
constituent  (74.3-86.6%).  The  core  samples  are  also  characterized 
by  significant  amounts  of  iron  (Fe),  which  ranges  between  10.6  and 
18.4%.  Minor  elemental  constituents  include  potassium  (0. 3-2.1%), 
calcium  (0.8-6. 2%),  and  titanium  (0. 1-0.9%).  It  should  be  noted 
that  each  of  the  core  samples  from  this  well  contain  significant 
amounts  of  aluminum,  as  indicated  by  the  asyxBBetric  left  flank  of 
the  silicon  peaks  on  each  of  the  three  energy  dispersive  spectra. 
The  close  spacing  of  the  energy  dispersive  spectral  lines  for  these 
two  elements  precludes  the  accurate  estimation  of  aluminum  volumes 
within  these  samples. 

The  conditions  under  which  this  report  is  presented  are  described 
immediately  following  this  report.  It  is  our  hope  that  these 
results  will  prove  useful  in  the  successful  development  and 
management  of  this  reservoir.  If  you  should  have  questions 
regarding  this  report,  or  if  we  can  bo  of  further  service,  please 
don't  hesitate  to  call. 


sident 


II.  CONDITIONS  AMD  QUALIFICATIONS 


Mineralogy,  Inc.  will  endeavor  to  provide  accurate  and  reliable 
laboratory  measurements  of  the  samples  provided  by  the  client.  The 
results  of  any  x-ray  diffraction,  petrographic  or  core  analysis 
test  are  necessarily  influenced  by  the  cone'.;- cion  and  selection  of 
the  samples  to  be  analyzed.  It  should  be  recognized  that 
mineralogical  samples  are  coiosonly  heterogeneous  and  lack  uniform 
properties.  Unless  otheevise  directed,  the  samples  selected  for 
analysis  will  be  chosen  to  reflect  a  visually  representative 
portion  of  the  bulk  sample  submitted  for  analysis.  Where  provided, 
the  interpretation  of  x-ray  diffraction,  petrographic  or  core 
analysis  results  constitutes  the  best  geological  judgement  of 
Mineralogy,  Inc.,  and  is  subject  to  the  sampling  limitations 
described  above,  and  detection  limits  inherent  to  semi -quantitative 
mineralogical  analysis.  Mineralogy,  Inc.  assumes  no  responsibility 
nor  offers  any  guarantee  of  the  productivity  or  performance  of  any 
oil  or  gas  well  or  hydrocarbon  recovery  process,  based  upon  the 
data  presented  in  this  report. 
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CORE  SLAB  DESCRIPTION 
CH2M  HILL 

Project  SAC28722.55.10;  HcClellao  AFB-Davis  Conna.  Site 

104.0-106.5  feet 

104.0-104.8  feet  Very  fine  to  fine-grained  (vfU-fL)  ,  very  well- 
sorted,  porous,  litharenitic  sandstone.  The  interval  displays  low 
angle  cross-bedding  (inclined  at  approximately  5-20  degrees 
relative  to  the  horizontal) .  The  mean  grain  diameter  is 
approximately  125  microns.  The  interval  is  mildly  compacted  and 
unconsolidated.  This  subinterval  completes  a  fining  upward  cycle 
whose  base  is  located  at  approximately  105.15  feet.  The  interval 
displays  a  gradational  basal  contact. 

104.8-105.15  feet  Medium-grained  (mL  to  mU) ,  well-sorted,  porous, 
litharenitic  sandstone.  This  sand  interval  is  mildly  compacted  and 
unconsolidated.  The  unit  fines  upward  and  is  gradationally 
overlain  by  the  very  fine-grained  sand  interval  described  above 
(104.0-104.8  feet).  The  sandstone  is  cross-bedded,  and  displays 
foreset  dips  of  approximately  20-30  degrees  relative  to  the 
horizontal.  The  interval  displays  a  gradational  basal  contact. 

105.15-105.5  feet  Medium  to  very  fine-grained  (mL  to  vfU) ,  fining- 
upwards,  well-sorted,  rounded,  porous,  unconsolidated,  litharenitic 
sandstone.  This  inteirval  is  locally  matrix  rich,  with  the 
percentage  of  pore-filling  clay  matrix  increasing  within  the  upper 
one-half  of  the  unit.  The  sedimentary  stinictures  present  within 
the  interval  grade  from  low  angle  cross-bedding  at  the  base  to 
parallel-bedded  sand  within  the  upper' one-half  of  the  subinterval. 

105.5-106.0  feet  Missing 

106.0-106.5  feet  Very  fine  to  medium-grained  (vfU  to  mU) , 
moderately-sorted,  rounded,  locally  matrix-laminated, 
unconsolidated,  litharenitic  sandstone.  The  interval  is  cross- 
bedded,  and  displays  foreset  dips  ranging  between  15  and  25  degrees 
relative  to  the  horizontal.  A  disturbed  matrix  laminae  is  present 
at  approximately  106.2  feet.  The  interval  is  matrix  rich  between 
106.2  and  106.5  feet,  and  is  characterized  by  lenses  and  laminae  of 
detrital  clay  matrix.  The  layer  of  medium-grained  sand  present 
between  106.0  and  106.2  feet  appears  to  be  porous  and  permeable. 
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CORE  SLAB  DESCRIPTION 
CH2M  HILL 

Project  SAC28722.55. 10;  McClellam  AFB~Davis  Conm.  Site 

203.0-205.0  feet 

203.0-205.0  feet  Very  fine  to  fine-grained  (vfU  to  fU)/  well- 
sorted,  f ining-upwards,  unconsolidated,  locally  matrix-laminated, 
litharenitic  sandstone.  Fining  upward  cycles  are  present  between 
203.2  thru  203.5  feet,  203.5  thru  203.75  feet,  203.75  thru  204.5 
feet,  and  204.5  thru  205.0  feet.  Each  of  these  cycles  is  capped  by 
thin  laminae  (approximately  3-lOnun  thick)  of  silty  matrix  material. 
The  cycles  display  sharp  (erosional)  basal  contacts.  The  unit  is 
porous,  mildly  compacted,  and  unconsolidated.  Sedimentary 
structures  include  low  angle  cross-bedding  (with  foreset  dips 
ranging  between  5  and  15  degrees  relative  to  horizontal),  which 
grade  into  parallel-bedded  sandstone  and  siltstone  near  the  top  o£ 
the  fining  upward  cycles.  Vertical  permeability  across  the  matrix 
laminae  is  likely  to  be  very  low. 
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CORE  SLAB  DESCRIPTION 
CH2M  HILL 

Project  SAC28722.55. 10;  McClellan  AFB-Oavis  Coma.  Site 

232.0-236.0  feet 

232.0-236.0  feet  This  interval  is  comprised  of  matrix-rich,  sandy 
pebble  conglomerate,  which  was  collected  as  Icore  sediment  at  the 
well  site.  As  such,  there  are  no  preserved  sedimentary  structures 
or  meaningful  texture  relationships  which  can  be  derived  from  this 
sample.  Mineraiogically,  the  pebbles  are  comprised  of  volcanic  and 
metamorphic  rock  fragments,  as  well  as  scattered  chert  clasts  and 
polycrystalline  quartz  fragments.  The  pebbles  and  granules  are 
separated  by  a  significant  percentage  of  very  fine-grained  sand, 
silt,  and  clay  matrix  material,  which  is  ubiquitous  within  the  core 
interval.  The  abundance  of  clay  matrix,  as  well  as  the  very 
poorly-sorted  character  of  the  sediment  from  this  interval, 
suggests  that  permeabilities  for  this  portion  of  the  reservoir  are 
likely  to  be  low. 
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232.0-236.0  feet 
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TABLE  2. 


ACID  INSOLUBLE  RESIDUE  ANALYSIS 
CH2M  aiLL 

Project  SAC28722.55.10;  McClellan  AFB-Davis  Comm.  Site 


Depth 


%  Acid 
Insolubl e 


105.2 


87.5% 


204.2 


88.3% 


235-236 


90.4% 


TABLE  3- 


GRAIN  SIZE  DISTRIBUTIOM  ANALYSIS 
CH2M  HILL 

Project  SAC28722.55,10;  McClellan  AFB-Davis  Coma.  Site 
Depth t  105.2  feet 


Sieve  Size  (mm)  Description  Weight  Percent 


>2.00 

Granule 

0% 

<2.00 

>1.00 

Very  Coarse  Sand 

.31% 

<1.00 

>0.50 

Coarse  Sand 

9.23% 

<0.50 

>0.25 

Medium  Land 

26.60% 

<0.25 

>0.125 

Fine  Sand 

36.73% 

<0.125 

>0.0625 

Very  Fine  Sand 

16.33% 

<0.0625 

Silt  and  Clay 

10.80% 

Depth: 

204.2  feet 

Sieve 

Size  fmm) 

Description 

Weight  Percent 

>2.00 

Granule 

0% 

<2.00 

>1.00 

Very  Coarse  Sand 

.02% 

<1.00 

>0.50 

Coarse  Sand 

.81% 

<0.50 

>0.25 

Medium  Sand 

9.11% 

<0.25 

>0.125 

Fine  Sand 

25.20% 

<0.125 

>0.0625 

Very  Fine  Sand 

Silt  and  Clay 

41.62% 

<0.0625 

23.24% 

Depth: 

235-236  feet 

Sieve 

Size  fmm) 

Description 

Weight  Percent 

>2.00 

Pebble /Granule 

56.95% 

<2.00 

>1.00 

Very  Coarse  Sand 

22.44% 

<1.00 

>0,50 

Coarse  Sand 

9.16% 

<0.50 

>0.25 

Medium  Sand 

5.03% 

<0.25 

>0.125 

Fine  Sand 

2.72% 

<0.125 

>0.0625 

Very  Fine  Sand 

2.27% 

<0.0625 

Silt  and  Clay 

1.43% 

£  iSt.-'Si 

Tulsa  O'aixjma  Mioa 


M.i. 

mineralogy.  INC 
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TABLE  5. 

SPECIFIC  GRAVITY  ANALYSIS 
CH2M  HILL 

Project  SAC28722 . 55 . 10;  McClellan  AFB-Davis  Conaa.  Site 
Depth  Specific  Gravity 

105.2  feet  2.43 

204.2  feet  2.34 


235-236  feet 


2.29 


i 


TABLE  6. 

CATION  EXCHANGE  CAPACITY 
CH2M  HILL 

Project  SAC28722.5S.  10;  McClellaLii  AFB-Davis  Conns.  Site 

Depth  CEC 

(meq  Na/IOOg) 

105.1  feet  6.43 

204.1  feet  11.20 


235-236  feet 


3.38 


TABIJS  7- 


TOTAL  ORGAMIC  CARBON  ANALYSIS 
CB2M  HILL 

Project  SAC28722.55.10;  McClellan  AFB-Davls  Comm.  Site 


Depth 

105.2  feet 

204.2  feet 


%  ORGANIC  CARBON 

.12% 

.06% 


235-236  feet 


.08% 


FIGURE  1. 


CH2M  HILL 

Project  Ho.  SAC28722 . 55 . 10;  McClellam  AFB'-'Davis  Com.  Site 

105.3  feet 


A&B  Low  magnification  views  illustrating  the  fine-grained,  well- 
sorted,  and  locally  matrix-rich  character  of  this 
unconsolidated  litharenitic  sandstone.  Although  intergranular 
macro  porosity  is  apparent  and  abundant  throughout  these  two 
photomicrographs,  the  abundance  of  pore-filling  clay  matrix 
admixed  with  very  fine  silt  and  sand  within  the  pore  spaces 
suggests  that  permeability  for  this  interval  could  be 
relatively  low. 

CiD  Detailed  views  of  a  cluster  of  pore-filling  smectite  matrix 
material.  The  horizontal  lines  distorting  the  field  of  view 
in  Figure  ID  are  the  result  of  electrostatic  charging,  which 
is  related  to  the  abundance  of  loosely-attached  clay  platelets 
and  particles  within  the  SEM  saunple  prepared  from  this 
unconsolidated  sample. 

Magnifications : 

lA  -  60X 
IB  -  150X 
1C  -  500X 
ID  -  1150X 


CH2M  HJLL;  PROJECT  NO.  28722.55.10;  McCI.ELEAN  AKB-f)AVIS  COMM.  SITE; 


1'  1 


FIGURE  2. 


CH2M  HILL 

Project  No.  SAC28722.55.10;  McClellan  AFB-Oavis  Coiam.  Site 

204.2  feet 


A&B  Low  magnification  views  of  this  porous,  well-sorted,  fine¬ 
grained,  unconsolidated,  litharenitic  sandstone.  Note  the 
abundance  of  pore-filling  and  grain-coating  clay  matrix 
apparent  in  Figure  2B  (center) . 

Ci.D  Detailed  views  of  a  cluster  of  authigenic  smectite,  which  has 
partially  obstructed  an  intergranular  pore  throat  (center; 
Figure  2C)  .  The  smectite  is  apparently  draped  with  traces  of 
fibrous  illite  matrix  material  as  illustrated  in  the  central 
portion  of  Figure  2D. 

Magnifications ; 

2A  -  40X 
2B  -  125X 
2C  -  500X 
2D  -  lOOOX 


FIGURE  3. 


CH2M  HILL 

Project  Mo.  SAC28722.S5.10;  McClellan  AFB~Oavis  Cora.  Site 

235-236  feet 


A&B  Low  magnification  views  of  this  artificially-packed, 
unconsolidated,  very  poorly-sorted,  sandy  pebble  conglomerate. 
Note  how  the  smectite-rich  clay  matrix  material  drapes  the 
pebble  surface  in  the  right -central  portion  of  Figure  3A. 
Smectite-rich  clay  matrix  ma-cerial,  as  illustrated  in  the 
central  portion  of  Figure  3B,  is  responsible  for  loosely 
binding  the  silt  and  sand  grains  present  between  the  pebbles 
within  this  disaggregated  core  sample. 

CiD  Detailed  views  of  the  authigenic  clay  matrix  material  which 
coats  the  detrital  grain  surfaces  and  fills  many  of  the 
intergranular  pores  within  this  sediment.  The  crenulated 
appearance  of  the  matrix  edges  apparent  in  the  bottom-central 
portion  of  Figure  3D  is  characteristic  of  smectite  clay. 

Magnifications : 

3A  -  35X 
3B  -  125X 
3C  -  300X 
3D  -  880X 
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THIN  SECTION  DESCRIPTION 


CH2M  HILL 

Project  No,  SAC28722.55.10;  McClellan  AFB-Davis  Conm.  Site 

105.3  feet 

This  core  interval  is  comprised  of  porous,  fine-grained  (fL),  very 
well-sorted,  rounded,  unconsolidated,  litharenitic  sandstone.  The 
mean  grain  diameter  is  approximately  O.ISmm,  with  a  maximum  grain 
diameter  of  1.24mm.  The  sandstone  is  mildly  compacted,  and 
displays  a  predominance  of  point-to-point  intergranular  contacts, 
together  with  minor  amounts  of  pseudomatriz.  The  detrital 
composition  is  dominated  by  monocrystalline  quartz,  together  with 
metamoz^phic  rock  fragments  {mostly  schist,  phyllite,  and  slate 
fragments),  volcanic  rock  fragments,  plagioclase  feldspar,  K- 
feldspar,  polycrystalline  quartz,  and  chert.  Minor  to  accessoiry 
grain  varieties  include  glauconite,  amphibole,  pyroxene,  and  mica. 
Several  of  the  metamorphic  rock  fragments  contain  serpentine.  Clay 
matrix  constituents  are  moderately  abundant  within  the  sample, 
occurring  as  pore-filling,  pore-lining,  and  grain-replacing 
components.  Smectite  is  the  dominant  clay  variety.  Clusters  of 
micro  porous,  pore-filling  smectite  are  common  within  the  sample, 
and  were  probably  derived  as  infiltrated  clay  matrix  from  overlying 
sedimentary  units.  Metamorphic  rock  fragments,  volcanic  rock 
fragments,  feldspar,  pyroxene,  and  amphibole  are  all  locally 
subject  to  replacement  with  smectite  matrix.  Pore-lining  smectite 
is  widely  distributed  as  an  encrustation  on  the  detrital  grain 
surfaces.  Kaolinite  is  present  as  a  minor  clay  veuriety,  as 
identified  via  x-ray  diffraction  analysis.  Cement  varieties 
identified  within  the  sample  include  minor  aiKHints  of  siderite  and 
pyrite,  which  are  irregularly  distributed  as  subhedral  to  anhedral 
crystalline  masses,  which  have  partially  to  coaq>letely  replaced 
scattered  detrital  grains  within  this  sandstone.  Some  goethite  is 
also  present  as  a  replacement  within  iron-rich  detrital  grains. 
The  macro  pore  volume  is  visually  estimated  to  account  for 
approximately  26%  of  the  bulk  volume.  The  macro  pore  volume  is 
dominated  by  intergranular  porosity,  together  with  minor  amounts  of 
secondary  intragranular  dissolution  porosity.  Micro  porosity  is 
common  throughout  the  sandstone,  and  is  present  in  association  with 
the  scattered  clusters  of  pore-filling  clay  matrix,  as  well  as 
within  matrix-replaced  detrital  grains.  Relative  to  the  storage 
capacity,  the  permeability  of  this  sandstone  is  likely  to  be  low, 
given  the  widespread  presence  and  abundance  of  pore-filling  and 
pore-lining  clay  matrix  minerals.  The  abundance  of  smectite  within 
the  pore  network  is  likely  to  adversely  affect  fluid  transmissivity 
within  this  reservoir.  Smectite  is  highly  prone  to  swelling  in  the 
presence  of  fresh  water,  and  could  significantly  limit  fluid 
transmissivity  due  to  obstruction  and  ultimate  blockage  of  the 
intergranular  pore  throats. 


Figure  4.  A  low  magnification  view  of  this  porous,  fine-grained 
(fL),  very  well-sorted,  unconsolidated,  litharenitic  sandstone. 
ISX  1.2"=2.Qmin  uncrossed  nicols 

CH2M  HILL;  Project  SAC28722. 55. 10;  McClellan  AFB-Davis 

105.3  feet 

Figure  5 .  This  photomicrograph  provides  a  detailed  view  of  a 
leached  detrital  grain  which  has  been  partially  replaced  with 
diffuse  clay  matrix  minerals  (smectite;  center).  lOOX  l"=*0.25inm 
uncrossed  nicols 


THIN  SECTION  DESCRIPTICW 


CH2M  HILL 

Project  No.  SAC28722 .55 . 10 ;  McClellan  AFB-Datris  Coaoi.  Site 

204.2  feet 

The  core  sample  from  this  interval  is  comprised  of  porous,  well- 
sorted,  subrounded,  unconsolidated,  matrix-rich,  litharenitic 
sandstone.  The  sandstone  is  fine-grained  (fU),  and  displays  a  mean 
grain  diameter  of  approximately  0.17mm,  with  a  maximum  grain 
diameter  of  1.04mm.  The  detrital  fabric  is  mildly  compacted,  and 
displays  a  predominance  of  point-to-point  intergranular  contacts, 
with  scattered  patches  of  pseudomatrix  generated  by  mechanically 
deformed  and  squashed  ductile  rock  fragments.  The  detrital 
framework  is  comprised  of  a  combination  of  monocrystalline  quartz, 
metamorphic  rock  fragments  (schist,  phyllite,  and  slate  fragments), 
volcanic  rock  fragments,  plagioclase  feldspar,  K-feldspar, 
polycrystalline  quartz,  and  chert.  Minor  to  accessory  detrital 
components  include  glauconite,  pyroxene,  amphibole,  epidote,  and 
mica.  A  large  percentage  of  the  metamorphic  rock  fragments  are 
enriched  with  respect  to  clay  matrix  minerals,  and  several  display 
serpentine/antigorite-rich  mineralogies.  The  matrix  fraction  is 
comprised  of  detrital  and  authigenic  clay  matrix,  which  is 
dominated  by  smectite.  The  authigenic  clay  matrix  is  present  as  a 
pore-lining  and  grain-replacing  constituent,  whereas  the  detrital 
clay  matrix  is  present  as  clusters  of  loosely-packed  pore-filling 
clay,  which  is  believed  to  have  been  infiltrated  from  overlying 
sedimentary  layers.  Matrix-replaced  detrital  grains  include 
metaunorphic  rock  fragments,  volcanic  rock  fragments,  pyroxene, 
amphibole,  and  feldspar.  Minor  to  accessory  clay  varieties  include 
kaolinite,  chlorite,  and  illite.  The  pore  voIom  is  comprised  of 
a  combination  of  macro  porosity  and  intercrystalline  micro 
porosity.  The  macro  pore  volume  consists  of  intergranular  voids, 
together  with  minor  aunounts  of  intragranuleu:  secondary  dissolution 
porosity.  The  macro  pore  volume  is  visually  estimated  to  account 
for  approximately  23%  of  the  bulk  volume.  Secondary  intragranular 
pores  are  largely  present  due  to  the  partial  to  complete 
dissolution  of  detrital  feldspar  grains  and  rock  fragments. 
Intercry staliina  micro  porosity  is  abundant  within  the  sample,  and 
is  present  in  association  with  the  clusters  of  pore-filling  clay 
matrix  minerals.  The  permeability  of  this  interval  of  the 
reservoir  is  expected  to  be  moderate  to  low,  given  the  ubiquitous 
presence  of  pore-filling  and  pore-lining  clays. 


Figure  6,  A  low  magnification  view  of  this  porous,  fine-grained 
(fL),  well-sorted,  unconsolidated,  litharenitic  sandstone.  Note 
the  abundance  of  pore-filling  clay  matrix  distributed  throughout 
this  field  of  view  (olive  green  to  gray).  15X  1.2'*»2.0mm 
uncrossed  nicols 

CH2M  HILL;  Project  ..AC28722.55. 10;  McClellan  AFB-Davis 

204.2  feet 

Figure  7.  Pore-filling  detrital  clay  matrix  (smectite)  is  nearly 
ubiquitous  throughout  the  framework  of  this  sandstone.  Note  the 
tan-colored,  carbonate-replaced  grain  present  in  the  lower  left- 
hand  corner  of  this  photomicrograph.  lOOX  l"=0.25nun  uncrossed 
nicols 


THIN  SECTION  DESCRIPTION 


CH2M  HILL 

Project  No.  SAC28722 . 55 . 10 ;  McClellan  AFB-Davis  Comm.  Site 

235-236  feet 

The  core  material  collected  from  this  interval  of  the  reservoir  was 
disturbed  and  disaggregated  at  the  well  site.  The  representative 
thin  section  of  the  disaggregated  core  from  this  interval  was 
prepared  and  is  described  as  follows:  the  ;ove  material  is  very 
poorly-sorted,  unconsolidated,  litharenitic,  matrix-rich,  sandy 
pebble  conglomerate-  Texturally,  this  sample  is  bimodally 
distributed,  and  displays  a  pebble  fraction  '?ith  a  mean  grain 
diameter  of  approximately  2.S5mm,  and  a  maximum  grain  diameter  of 
7.48mm.  The  fine  grain  fraction  of  the  sediment  is  represented  by 
a  mixture  of  sand,  silt,  and  clay  matrix  separating  the  pebbles  of 
the  conglomerate.  Texturally,  this  material  is  best  described  as 
matrix-rich,  very  fine-grained  sand  to  coarse  silt-sized,  with  an 
average  grain  diameter  of  approximately  0.065mm.  The  disaggregated 
nature  of  the  sediment  precludes  a  meaningful  description  of  the 
packing  configuration  for  this  interval  of  the  reservoir.  The 
pebbles  and  granules  are  suspended  in  a  sandy  and  silty  clay-rich 
matrix  throughout  the  thin  section  sample.  The  detrital  framework 
is  comprised  of  a  combination  of  quartz,  volcanic  rock  fragments, 
metamorphic  rock  fragments,  plagioclase  feldspar,  K-feldspar, 
sedimentary  rock  fragments  (sandstone),  and  chert.  Minor  to 
accessory  detrital  constituents  include  traces  of  pyroxene, 
amphibole,  and  mica.  Detrital  clay  matrix  is  ubiquitous  as  a  pore¬ 
filling  constituent,  and  is  admixed  with  silt  and  sand.  Smectite 
is  the  predominant  matrix  variety,  witn  minor  amounts  of  kaolinite 
and  illite  also  present.  Minor  to  trace  eunounts  of  authigenic  clay 
matrix  are  present  as  replacements  within  the  3 eached  and  altered 
volcanic  rock  fragments,  metamorphic  rock  fragments,  and  feldspar. 
Pore  space  present  within  the  thin  section  sample  is  artificial  due 
to  the  disturbed  and  disaggregated  nature  of  the  detrital 
framework.  If  the  clay  matrix  content  observed  within  this  thin 
section  sajnple  is  truly  representative  of  the  in  situ  conglomerate 
interval,  macro  porosity  values  can  be  expected  to  be  comparable  to 
the  sample  from  depth  204.2  feet.  Permeability  values,  however, 
are  likely  to  be  significantly  lower  (relative  to  204.2')  due  to 
the  very  poor  sorting  of  the  sedimantaxry  framework. 


Figure  8.  This  low  magnification  photomicrograph  provides  a 
general  view  of  the  very  poorly-sorted  character  of  this  sandy 
pebble  conglomerate.  The  pebble  in  the  right-central  portion  of 
this  field  of  view  is  a  sandstone  rock  fragment,  whereas  the  two 
pebble-sized  grains  along  the  left-hand  margin  of  the  photo  are 
volcanic  rock  fragments.  Note  the  abundance  of  sand  and  silt-rich 
pore-filling  clay  matrix  separating  the  pebble-sized  grains.  15X 
1.2‘'  =  2.0mm  uncrossed  nicols 

CH2M  HILL;  Project  SAC28722 .55 . 10 ;  McClellan  AFB-Davis 

235-236  feet 

Figure  9.  Sand  and  silt-rich,  pore-filling  clay  matrix  minerals 
(center)  flanking  pebble-sized  rock  fragments.  The  grain  in  the 
bottom  half  of  the  photomicrograph  is  a  raetamorphic  rock  fragment, 
whereas  the  dark-colored  grain  along  the  top  margin  of  the  photo  is 
a  volcanic  rock  fragment.  32X  2.5“®2.0mm  uncrossed  nicols 
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GRAIN  SIZE  DISTRIBUTION  ANALYSIS 


CH2M  HILL 

Project  SAC28722 .55 . 10;  McClellan  AFB-Davis  ConnB.  Site 


Sample  ID;  MWE--21  216' 


Sieve  1 

Size  (rami 

Description 

Weiaht  Percent 

>2.00 

Granule/Pebble 

57.32% 

<2.00 

>1.00 

Very  Coarse  Sand 

22.10% 

<1.00 

>0.50 

Coarse  Sand 

12.11% 

<0.50 

>0.25 

Medium  Sand 

6.21% 

<0.25 

>0.125 

Fine  Sand 

1.48% 

<0.125 

>0.0625 

Very  Fine  Sand 

.62% 

<0.0625 

Silt  and  Clay 

.16% 

Saunple 

ID:  MWE-22 

200' 

Sieve 

Size  fmm) 

Description 

Weiaht  Percent 

>2.00 

Granule/Pebble 

48.87% 

<2.00 

>1.00 

Very  Coarse  Sand 

15.95% 

<1.00 

>0.50 

Coarse  Sand 

14.37% 

<0.50 

>0.25 

Medium  Sand 

10.76% 

<0.25 

>0.125 

Fine  Sand 

8.02% 

<0.125 

>0.0625 

Veiry  Fine  Sand 

1.74% 

<0.0625 

Silt  and  Clay 

.29% 

Sample 

|D:  MW-19 

79' 

Sieve 

Size  (mmt 

Description 

Weiaht  Percent 

>2.00 

Granule/Pebble 

30.95% 

<2.00 

>1.00 

Very  Coarse  Sand 

11.61% 

<1.00 

>0.50 

Coarse  Sand 

21.75% 

<0.50 

>0.25 

Medium  Sand 

19.91% 

<0.25 

>0.125 

Fine  Sand 

12.07% 

<0.125 

>0.0625 

Very  Fine  Sand 

2.76% 

<0.0625 

Silt  and  Clay 

.95% 

Sample 

ID:  MWD-20 

156' 

Sieve 

Size  JmmV 

Description 

Weiaht  Percent 

>2.00 

Granule/Pebble 

67.91% 

<2.00 

>1.00 

Very  Coarse  Sand 

8.06% 

<1.00 

>0.50 

Coarse  Sand 

8.21% 

<0.50 

>0.25 

Medium  Sand 

9.54% 

<0.25 

>0.125 

Fine  Sand 

4.11% 

<0.125 

>0.0625 

Very  Fine  Sand 

1.58% 

<0.0625 

Silt  and  Clay 

.59% 
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Samole  ID:  MWD-21 

Sieve  Size  fmml 

160' 

Descriotion 

Weiaht  Percent 

>2.00 

Granule /Pebble 

15.52% 

<2.00 

>1.00 

Very  Coarse  Sand 

16.32% 

<1.00 

>0.50 

Coarse  Sand 

28.09% 

<0.50 

>0.25 

Medium  Sand 

24.08% 

<0.25 

>0.125 

Fine  Sand 

10.03% 

<0.125 

>0.0625 

Very  Fine  Sand 

4.64% 

<0.0625 

Silt  and  Clay 

1.32% 

Scunole 

ID:  MWD-22 

160' 

Sieve  Size 

Descriotion 

Weioht  Percent 

>2.00 

Granule/Pebble 

63.65% 

<2.00 

>1.00 

Very  Coarse  Sand 

8.74% 

<1.00 

>0.50 

Coarse  Sand 

13.44% 

<0.50 

>0.25 

Medium  Sand 

11.75% 

<0.25 

>0.125 

Fine  Sand 

1.79% 

<0.125 

>0.0625 

Very  Fine  Sand 

.52% 

<0.0625 

Silt  and  Clay 

.11% 

Samole 

ID:  MWC-20 

105' 

Sieve  Size  <min\ 

Descriotion 

Weiaht  Percent 

>2.00 

Granule /Pebble 

4.83% 

<2.00 

>1.00 

Very  Coarse  Sand 

1.61% 

<1.00 

>0.50 

Coarse  Sand 

8.94% 

<0.50 

>0.25 

Medium  Sand 

41.75% 

<0.25 

>0.125 

Fine  Sand 

31.80% 

<0.125 

>0.0625 

Very  Fine  Sand 

7.21% 

<0.0625 

Silt  and  Clay 

3.86% 

Samole 

ID:  PC-22 

93-95 

/ 

Sieve  Size  (mm\ 

Descriotion 

Weiaht  Percent 

>2.00 

Granule/Pebble 

12.83% 

<2.00 

>1.00 

Very  Coarse  Sand 

13.02% 

<1.00 

>0.50 

Coarse  Sand 

33.02% 

<0.50 

>0.25 

Medium  Sand 

31.68% 

<0.25 

>0.125 

Fine  Sand 

5.89% 

<0.125 

>0.0625 

Very  Fine  Sand 

2.14% 

<0.0625 

Silt  and  Clay 

1.42% 

{ 
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CH2M  HILL 

Project  SAC28722 .55 . 10;  McClellan  AFB-Davis  Cossm.  Site 
Sample  ID;  PC-21  91' 


Sieve 

Size  ^mm) 

Description 

Weiaht  Percent 

>2.00 

Granule/Pebble 

39.86% 

<2.00 

>1.00 

Very  Coarse  Scmd 

27.40% 

<1.00 

>0.50 

Coarse  Sand 

17.22% 

<0.50 

>0.25 

Medium  Sand 

9.13% 

<0.25 

>0.125 

Fine  Sand 

3.43% 

<0.125 

>0.0625 

Very  Fine  Sand 

1.96% 

<0.0625 

Silt  and  Clay 

1.00% 

Sample 

_Ji^  EW3C 

100-104' 

Sieve 

Size  fmm) 

Description 

Weiaht  Percent 

>2.00 

Granule /Pebble 

48.30% 

<2.00 

>1.00 

Very  Coarse  Sand 

17.19% 

<1.00 

>0.50 

Coarse  Sand 

9.16% 

<0.50 

>0.25 

Medium  Sand 

7.32% 

<0.25 

>0.125 

Fine  Sand 

8.07% 

<0.125 

>0.0625 

Very  Fine  Sand 

5.29% 

<0.0625 

Silt  and  Clay 

4.67% 

Sample 

ID;  EW2C 

105-107' 

Sieve  ; 

Size  (mm) 

Description 

Weiaht  Percent 

>2.00 

Granule/Pebble 

68.11% 

<2.00 

>1.00 

Very  Coarse  Sand 

14.05% 

<1.00 

>0.50 

Coarse  Sand 

8.78% 

<0.50 

>0.25 

Medium  Sand 

6.21% 

<0.25 

>0.125 

Fine  Sand 

1.72% 

<0.125 

>0.0625 

Very  Fine  Sand 

.99% 

<0.0625 

Silt  and  Clay 

.14% 

Sample 

ID;  BWIC 

136' 

Sieve  ! 

Size  (mm\ 

Description 

Weiaht  Percent 

>2.00 

Granule/Pebble 

53.01% 

<2.00 

>1.00 

Very  Coarse  Sand 

21.43% 

<1.00 

>0.50 

Coarse  Sand 

16.50% 

<0.50 

>0.25 

Medium  Sand 

6.16% 

<0.25 

>0.125 

Fine  Sand 

1.27% 

<0.125 

>0.0625 

Very  Fine  Sand 

.93% 

<0.0625 

Silt  and  Clay 

.70% 
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Sample  ID;  EWIB 
Sieve  Size  fmm) 
>2.00 

<2.00  >1.00 

<1.00  >0.50 

<0.50  >0.25 

<0.25  >0.125 

<0.125  >0.0625 

<0.0625 


Description 

Granule 

Very  Coarse  Sand 
Coarse  Sand 
Medium  Sand 
Fine  Sand 
Very  Fine  Sand 
Silt  and  Clay 


Weight  Percent 

1.58% 

.55% 

.63% 

3.73% 

20.72% 

38.66% 

34.13% 
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September  9,  1993 

Groundwater  Contour  Maps 
Davis  Global  Communications  Site 
Delivery  Order  5055 

SAC28722.55.19 


PuqMJse  and  Scope 

Figures  E-1  through  E-15  present  groundwater  contour  maps  for  August  1992, 
November  1992,  March  1993,  May  1993,  and  July  1993  for  the  B,  C,  and  D  aquifers. 
The  groundwater  elevations  for  each  well  are  posted  beside  the  well  for, each  time 
period.  The  August  1992  data  represent  a  period  of  historic  low  water  levels  because 
of  California’s  extended  drought  and  additional  groundwater  pumping  in  the  vicinity 
of  the  Davis  Global  Communications  Site  for  the  California  Water  Banking  Project, 
The  levels  presented  for  March  1993  represent  a  period  of  high  groundwater  levels ' 
because  of  greater  than  normal  rainfall. 

The  water  level  contours  for  the  B  and  C  aquifers  are  nearly  identical  while  the  D 
aquifer  levels  are  typically  flat  across  the  site.  Flow  directions  range  from  south  to 
northwest  in  the  B  and  C  aquifers.  Summer  flow  directions  are  usually  to  the  south* 
west  in  these  two  aquifers. 

Further  interpretation  of  these  contour  maps  is  presented  in  Chapter  3  of  the 
Remedial  Investigation/Feasibility  Study  report,  Hydrogeologic  Conditions. 

Time-concentration  plots  for  Monitoring  Wells  MW-2,  MW-4,  MW-6,  MW-7,  MW-8, 
MWB-14,  MWC-14,  MWD-14,  MDW-2,  and  MWE-3  are  presented  in  Attachment 
E-1.  Detected  SCOCs  from  1988  through  February  1993  are  plotted  on  the  graphs 
along  with  water  levels.  Further  interpretation  of  these  plots  is  presented  in 
Chapter  4  of  the  RI/FS  Report, 
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TECHNICAL  MEMORANDUM  F(a) 


CHMHILL 


PREPARED  FOR:  Davis  RI/FS  Report 


PREPARED  BY:  David  Towell/CH2M  HILL,  Reno 
Gerald  Vogt/CH2M  HILL,  Redding 

DATE:  September  9,  1993 

SUBJECT:  Mass  Estimates  for  Contaminants  of 

Concern  in  the  Saturated  Zone 
Davis  Global  Communications  Site 
Delivery  Order  No.  5055 


PROJECF:  SAC28722.55.18 


Purpose  and  Scope 

The  purpose  of  this  technical  memorandum  is  to  describe  the  procedures  used  to 
estimate  the  mass  of  the  contaminants  of  concern  (COO)  that  pose  the  greatest  risk 
present  in  the  saturated  zone  beneath  the  Davis  Global  Comminicattons  Site  (Davis 
Site).  The  mass  of  contamination  present  in  the  subsurface  is  an  important 
consideration  for  developing  and  evaluating  potential  remedial  actions  at  the  site. 
Contaminants  in  the  saturated  zone  can  be  either  dissolved  in  the  groundwater  or 
sorbed  onto  the  aquifer  or  aquitard  materials.  The  contaminam  mass  estimates 
presented  in  this  technical  memorandum  incorporate  both  dissolved  and  sorbed 
contamination. 

The  primary  COCs  in  the  saturated  zone  at  the  site  are  all  volatile  organic  com¬ 
pounds  (VOCs).  Specifically,  they  are  the  seven  VOCs  detected  most  frequently  and 
with  the  greatest  concentrations  above  maximum  contaminant  levels  (MCLs)  in 
groundwater  samples  from  monitoring  wells: 

Tetrachloroethene  (PCE) 

•  Trichloroethene  (TCE) 

•  1,1-Dichloroethane  (1,1-DCA) 

•  1,1-Dichloroethene  (1,1-DCE) 

•  1,2-Dichloroethene,  both  the  cis  and  trans  isomers  (1,2-DCE) 

•  Benzene 

•  Vinyl  Chloride 

Individual  mass  estimates  have  been  made  for  each  of  these  compounds  in  each  of 
the  distinct  aquifers  and  aquitards  present  in  the  upper  200  feet  of  the  saturated  zone 
beneath  the  site.  Four  separate  aquifers,  each  with  a  carre^xmding  overlying  aqui¬ 
tard,  have  been  identified  and  delineated.  The  aquifers  are  deagnatoi  the  B,  C,  D, 
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and  E  aquifers.  Within  each  of  these  aquifers,  a  target  zone  for  remediation  has 
been  delineated  based  on  the  extent  of  contamination  in  that  aquifer.  The  extent  of 
contamination  in  each  aquifer  is  based  on  contaminant  data  from  groundwater 
monitoring  wells  screened  exclusively  in  that  aquifer.  The  target  zones  for  each 
aquifer  are  shown  in  Figure  F(a)-1  through  F(a)-4.  Water  quality  data  from 
groundwater  monitoring  well  samples  taken  during  February  and  July  1993  are  also 
shown  on  the  figures  along  with  contaminant  contours. 


Approach 

Estimating  the  mass  of  contaminants  in  the  saturated  zone  requires  two  basic  data 
sets:  data  on  the  physical  characteristics  of  the  aquifers  and  aquitards  of  interest 
(e.g.,  area,  thickness,  porosity,  soil  density,  and  fractional  organic  carbon  content  [f^^]) 
and  data  on  the  contaminant  characteristics  in  the  aquifers  of  interest  (e.g.,  contami¬ 
nant  concentration,  contaminant  distribution,  and  water-organic  carbon  distribution 
coefficient  [K^])- 

Table  F(a)-1  lists  the  source  and  range  for  each  type  of  data  gathered  to  complete 
the  mass  estimate  for  each  of  the  COCs  at  the  site.  For  each  COC  and  each  aquifer 
or  aquitard,  the  values  assumed  for  each  parameter  listed  in  Table  F(a)-1  are  pro¬ 
vided  along  with  the  mass  estimates  in  Tables  F(a)-2  through  F(a)-8  (one  table  for 
each  of  the  seven  COCs). 

The  following  equation  was  used  to  estimate  the  dissolved  mass  of  each  COC  in  each 
aquifer  and  aquitard: 

Dissolved  Consaminaot  Mass  •  target  area  volume  *  porosity  *  average  contaminant  coneentration 

where:  Target  area  volume  =  target  area  *  target  area  thickness 

Average  contaminant  concentrations  =  As  described  in  Table  F(a)-1 
(Average  Contaminant  EMstribution  parameter) 

To  estimate  the  sorbed  mass  of  each  COC  in  each  aquifer  and  aquitard,  the  following 
equation  was  used: 


Sorbed  ComarmnaM  Mass  >  target  area  sod  mass  •  average  contaminant  concentration  *  Koc  •  foe 

where:  Target  area  soil  mass  =*  target  area  v'jlume  *  soil  bulk  density 

Average  contaminant  concentrations  =  As  described  in  Table  F(a)-1 
(Average  Contaminant  Distribution  parameter) 

These  two  equations  are  incorporated  into  Tables  F(a)-2  through  F{a)-8  to  estimate 
the  mass  of  each  COC  in  the  saturated  zone  beneath  the  site.  Results  and 
conclusions  are  discussed  in  the  next  section. 
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1  Table  F(a)>l 

1  Data  Soarces  for  Contaminant  Mass  Estimates 

Parameter 

Parameter  Range  of  Values 

Data  Source 

Target  Area  (ft^) 

B;  453.000 

C:  649.3S0 

D:  969,000 

E:  950,000 

Delineated  on  the  basis  of  the  area!  extent  of  contaminants 
detected  in  groundwater  samples  from  each  aquifer.  Target 
areas  for  aquitards  are  assumed  to  match  the  target  area  of  the 
underlying  aquifer. 

Aquifer  or  Aquitard 
Thickness  (ft) 

A-B:  25 

B-C,  C-D.  D-E:  20 

B.  C,  D.  E:  30 

Estimated  from  review  of  lithologic  data  collected  during 
installation  of  monhoriog  wells  at  the  site.  In  most  cases.  t!ie 
aquifer  and  aquitard  thickness  vanes  across  the  site.  The  value 
presented  is  an  estimated  average  thickness. 

Porosity 

A-B.  B-C,  C-D,  D-E;  0.45 

B:  0.40 

C:  0,39 

D.  E;  0,35 

Based  on  typical  values  for  the  specific  soil  types  present  in  each 
aquifer  and  aquitard.  Porosity  was  measured  on  C  and  E  aquifer 
samples.  The  data  are  presented  in  Appendix  0.  Summaiy  of 

Field  Activity. 

Soil  Bulk  Density 
(gm/cm^) 

All  zones:  1.45 

Based  on  average  laboratory  analyses  of  samples  collected  dunng 
drilling  at  ihe  site. 

^OC 

A-B.  B-C:  0.002 

C  D,  D-E:  0.001 

B:  0.0025 

C:  O.OOl 

D:  0.0008 

E:  0.0007 

Based  on  laboraioiy  resttiu  from  total  organic  carbon  analyses. 

ConUfflinant  Concenm« 
tions 

Varies  per  aquiter  and 
conuminant 

Based  on  analytical  results  from  the  Febn-aiy  1993  and  July 

1993  groundwater  sampling  event.  Analytical  results  from  these 
sampling  evenu  can  be  found  in  Appendw  U. 

Average  Coniaminant 
Distribviinn  (in  each 

Aquifer  and  Aquturd) 

Each  aquifer  target  area  (desenbed  above)  was  divided  into 
polygons  that  approximate  the  portioa  of  the  urget  area 
represented  by  dau  from  each  groundwater  monitoting  well. 

ContaminaM  concentrations  in  individual  polygons  were  assigned 
based  on  the  Fcbniary  1993  and  July  1993  sampling  data  for  the 
well  representing  that  polygon. 

Average,  aquifer-wide  concentrations  were  estimated  by  fouling 
the  weighted  cxmcentralioBS  from  individual  polygons  (based  on 
the  relative  size  of  each  polygon).  Average  concentrations  in 
each  aquitard  are  asaumed  to  equal  ihe  difference  divided  by  two 
in  the  conceniraiions  estimated  foe  the  undetlytiig  and  overtying 
aquifen.  The  raw  dau  tables  and  polygon  areas  are  attached  at 
the  end  of  this  technical  oemorandum. 

(cm^/gm) 

PCE:  364 

TCE:  126 

1.1  DCA;  30 

1.1- DCE:  65 

1.2- DCE:  59 

Benzene:  71 

Vinyl  Chloride:  8 

Values  obuined  from  EPA's  Suhsurfact  ContammHum  Guuk. 
EPA/54«/2-90/gHI,  October  1990, 
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Results  and  Conclusions 


The  mass  estimates  developed  using  the  data  and  equations  described  above  are 
discussed  in  this  section.  Tables  F(a)-2  through  F(a)-8  contain  total  in-place  mass 
estimates  for  the  individual  COCs.  The  tables  include  separate  estimates  for  each 
COC  in  each  indbidual  aquifer  and  aquitard.  Mass  estimates  from  these  tables  are 
summarized  in  Tables  F(a)-9  and  F(a)-10. 

As  indicated  in  Table  F(a)-9,  PCE  and  TCE  account  for  more  than  60  percent  of  the 
total  mass  present  in  the  saturated  zone  beneath  the  site.  In  addition,  these  two 
compounds  account  for  more  than  85  percent  of  the  sorbed  mass  of  contaminants. 

The  onlv  other  COCs  present  in  significant  quantities  are  1,1-DCE  and  cis4-trans-!.2- 
DCE  (fable  F(a)-9). 

The  vertical  distribution  of  contamination  can  be  evaluated  by  comparing  the  esti¬ 
mated  contaminant  mass  values  for  aquifers  B  through  E,  which  are  successively 
deeper.  Table  F(a)-10  lists  the  estimated  contaminant  mass  for  each  aquifer  and 
aquitard.  Table  F(a)-10  indicates  that  over  82  percent  of  the  estimated  mass  is 
present  above  the  C-D  aquitard  (aquifers  B  and  C  and  aquitards  A-B  and  B-C).  The 
limited  contaminant  mass  present  in  the  deeper  units  indicates  that,  while  some 
downward  migration  of  contaminants  is  occurring,  the  layering  present  in  the  aquifer 
system  is  inhibiting  significant  vertical  contaminant  migration.  It  should  be  noted  that 
the  mass  estimates  for  the  C,  D,  and  E  aquifers  are  considerably  less  reliable  than  the 
B  aquifer  estimates  because  of  the  smaller  number  of  data  points  (monitoring  wells). 

In  general,  of  the  parameters  used  in  the  contaminant  mass  equations  (listed  in  Table 
F(a)-i),  the  average  contaminant  concentration  estimates  and  the  fractional  organic 
carbon  content  are  the  parameters  with  the  greatest  degree  of  uncertainty.  This 
uncertainty  can  be  attributed  to  uncertainty  in  the  actual  distribution  of  contamination 
and  organic  carbon  content  in  aquifers  resulting  from  the  natural  heterogeneity  of  the 
aquifers  in  the  area  and  the  relative  scarcity  of  data  points  in  some  areas  and  depths 
(which  results  in  larger  distances  between  the  wells  and  a  less  accurate  estimate  of 
average  concentrations). 
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Table  F(a)-1Q 

Cumulative  Groundwater  Contaminant  Mass  (ib/kg) 

Contaminant  of  Concern 

DiSv^olved 

Sorbed 

Total  Per 
Zone 

Cumulative 

Mass 

(kg) 

Cumulative 

Percentage 

A-B 

63.1/28.6 

76.9/34.9 

140/63.5 

140/63.5 

22.7 

B 

67.1/30.43 

113/51.3 

180/81.73 

320/145 

51.8 

B-C 

64.6/29.3 

50.5/22.9 

115/52.2 

435/197 

70.4 

C 

62.8/28.5 

11.7/5.3 

74.5/33.8 

510/231 

82.5 

C-D 

47.0/21.3 

9.0/4. 1 

56,'25.4 

566/257 

91.6 

D 

27.1/12.3 

8. 1/3.7 

35.2/16.0 

601/272 

97.2 

D-E 

12.6/5.7 

3.2/1. 4 

15.8/7.1 

617/279 

99.8 

E 

.22.'.! 

.07/.03 

.29/.  13 

618/280 

100.00 

Total  (kg) 

345/156 

- 1 

273/124 

618/280 

618/280 
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Introduction 

The  purpose  of  this  technical  memorandum  is  to  present  the  procedures  used  to 
estimate  the  mass  of  volatile  organic  compounds  (VOCs)  present  in  the  vadose  zone 
at  the  Davis  Global  Communications  Site  (Davis  Site).  VOCs  are  chlorinated  organic 
compounds  that  readily  volatilize  into  air.  The  presence  of  a  significant  quantity  of 
VOCs  in  the  vadose  zone  could  act  as  a  source  for  future  groundwater  contamination. 


The  objective  of  the  mass  estimate  is  to  determine  which  contaminants  are  the  pri¬ 
mary  contaminants  of  concern  (COCs)  and  to  develop  a  conservative  estimate  of  the 
total  mass  of  these  contaminants  within  the  vadose  zone.  The  estimate  of  mass  in  the 
vadose  zone  will  be  used  as  input  to  VLEACH,  a  one-dimensional,  finite-difference 
contaminant  transport  model.  VLEACH  will  be  used  to  estimate  the  future  mass 
loading  of  VOCs  to  the  groundwater  from  existing  vadose  zone  contamination.  The 
results  of  these  calculations  will  assist  in  the  selection  of  a  remedial  action  for  imple¬ 
mentation  at  the  site. 

Figure  F(b)-1  shows  the  site,  the  extent  of  the  contamination,  and  the  areas  into 
which  the  site  was  divided  to  estimate  the  mass  of  VOCs  in  the  vadose  zone. 

Table  F(b)-1  is  a  summary  of  the  mass  of  contaminant  found  in  each  polygon  through 
the  entire  depth. 


Approach 

Tlie  determination  of  the  VOCs  in  the  vadose  zone  involved  a  review  of  all  available 
soil  gas  data  collected  at  the  site.  These  data  are  presented  in  Appendix  U,  Historic 
Contaminant  Data.  The  data  used  for  this  analysis  were  collected  from  two  sources: 
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•  A  shallow  soil  gas  investigation  in  October  1992 

•  Sampling  of  five  soil  vapor  monitoring  wells  (S'.^lWs)  in 
December  1992 


ri -  '  . —  ' 

Table  F(b)-1 

Summary  of  Mass  of  VOCs  in  each  Polygoa 

Polygon 

Mass  of  VOCs  (kgj  j 

1 

1.7 

2 

1.9 

3 

1.5 

4 

1.0 

5 

0.2 

6 

9.5 

7 

3.0 

iS 

18.5 

9 

5.8 

10 

1.7  1 

11 

O.G  1 

Total 

On  the  basis  of  this  data  evaluation,  the  primary  COCs  were  determined.  A 
contaminant  was  considered  to  be  a  COC  if  its  mass  represented  greater  than 
1  percent  of  the  total  VOC  mass  at  a  particular  location.  The  majority  of  the 
detected  contaminants  were  eliminated  using  this  procedure,  and  the  remaining 
contaminants  are  presented  in  Table  F(b)-2.  Table  F(b)-2  indicates  the  majority  of 
the  vadose  zone  contamination  at  the  site  consists  of  teirachioroethene  (PCE). 

As  PCE  and  trichloroethene  (TCE)  account  for  approxiinatefy  94  percent  of  the  total 
mass  of  contamination,  the  combined  value  of  these  contaminaitts  was  considered 
sufficient  to  obtain  an  estimate  of  the  total  mass  of  VCXTs  in  the  vadose  zone.  For 
the  calculations  presented  here,  the  vadose  zone  is  considered  to  extend  to  40  feet 
below  ground  surface  (bgs). 

The  depth  intervals  were  determined  by  the  sample  location  depths.  The  shallow  soil 
gas  .samples  were  usually  taken  at  5,  10,  and  20  feet  bgs,  and  the  screened  interval  in 
the  SVMWs  extended  from  25  to  38  feet  bgs.  Soil  gas  samples  were  also  collected 
from  the  piezometers  associated  with  each  SVMW. 
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1  Table  F(b).2 

VOC  Mass  at  Depth  ia  the  Vadose  Zone  (pg/kg) 

Depth 
(feet  bgs) 

Total  Mass 
of  VOC 

%  of 

Total  Mass 

VOCs 

0  to  5 

6  to  to 

11  to  25 

26  to  40 

PCE 

338.6 

991.8 

144.0 

2,483.6 

5,254 

90.1 

TCE 

25.4 

14.42 

90.7 

114.4 

244.9 

4.2 

1,1-DCE 

0.8 

0.9 

6.8 

11 

19.5 

0.3 

Benzene 

0.4 

2.9 

O.ft 

2.1 

6.0 

0.1 

Toluene 

1.9 

19.7 

94.8 

0.6 

117 

2.0 

0-xylene 

0.8 

41.4 

0.4 

0.0 

42.6 

0.7 

m,p-xylene 

6.9 

138.6 

4.1 

0.0 

149.6 

2.6 

Vinyl  Chloride 

O.C 

0.0 

0.0 

.1 

0.1 

Total  VOC  Mass 
in  21one 

374.8 

1.209.72 

1,637.4 

2,611.8 

5,833.7 

Percent  of  Total  in 
Zone 

6.4 

20.7 

28.1 

44.8 

Mass  Estimate  Evaluation 

The  area  in  which  the  mass  estimate  was  performed  was  delineated  using  the  avail¬ 
able  data  to  outline  the  known  extent  of  the  soil  vapor  plume.  The  total  area  was 
then  subdivided  into  areas  of  similar  contaminant  concentrations,  termed  polygons. 
The  areas  around  the  SVMWs  were  contained  in  smaller  polygons  as  these  were 
areas  of  more  intensive  sampling.  The  area  that  did  not  fall  within  the  polygons 
established  around  the  SVMWs  was  divided  based  on  similar  total  VOC  concentra¬ 
tions.  The  site  and  the  corresponding  polygons  arc  shown  in  Figure  F(b)-l. 

For  Polygons  6  through  11,  only  shallow  soil  gas  data  were  available.  To  compensate 
for  the  lack  of  data  in  the  lower  zones  of  these  polygons,  the  VOC  concentration 
found  in  the  nearest  SVMW  was  extrapolated  into  the  adjacent  polygon.  This 
procedure  is  considered  to  provide  a  conservatively  high  estimate  of  the  VOC  mass  in 
these  polygons  as  the  SVMWs  were  established  in  areas  of  high  VOC  contamination, 
based  on  shallow  soil  gas  and  soil  borehole  sampling  results. 

'fhe  procedure  used  to  calculate  the  estimated  mass  of  total  VOCs  was  as  follows 
(HydroGeoChem,  Inc.,  1989); 
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Soil  Volume 


•  Estiinate  the  extent  of  contamination 

•  Subdivide  the  area  into  areas  (termed  polygons)  of  similar  contaminant 
concentrations 

•  Determine  the  surface  area  of  each  polygon  using  a  planimeter 

•  Determine  the  depth  zones  beneath  the  polygons  based  on  lithology  of 

the  layers  and  the  distribution  of  the  contaminant 

•  Determine  the  volume  of  soil  in  each  zone 

•  Convert  volume  of  soil  to  mass  using  an  estimate  of  soil  bulk  density 
Contaminant  Concentration 

•  Review  VOC  data  base 

•  Determine  contaminants  of  concern 

•  Sort  contaminants  based  on  areas  and  depths  established  above 

•  Convert  soil  gas  concentrations  into  total  soil  concentrations  based  on 
the  following  equations; 

was  calculated  using  the  following  equation: 

=  (^.*4) 

All  variables  are  defined  in  Table  F(b)-3. 
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Table  F(b).3 

Equation  Variable  Definitions 

Conversion  factor  used  to  convert  soil  gas  concentrations  (#ig/l)  to  total  soil 
concentrations  (cmVi**  »<!) 

Water-solid  distribution  coefficient  (cm*  ^»aurl\ig  soUi 

= 

Henry’s  Law  Constant 

3S 

Water-organic  carbon  distribution  coefficient 

1  j 

as 

Soil  aas  cnncentratioB 

s 

Total  soil  concentration  |  <»***“*“"*“| 

\  **»«l  j 

and  are  established  parameters  for  each  contam:  iant  and  are  presented  in 
Table  F(b)-4. 


Tal 

Assumed  Chemic 

lie  F(b)-4 

al  Properties  for  COCs 

VOC 

(cra-’/g) 

(dimenskmless) 

PCE 

364 

0.545 

TCE 

126 

0.30 

l.l-DCE 

65 

0.87 

Benzene 

91 

0.224 

Toluene 

151 

0.28 

0-Xylene 

129 

0.22 

m,p-Xylene 

1580 

0.3 

Vinyl  Chloride 

15 

116 

j  Source;  Schevitle,  F.  1988.  Dense  Chiorintaed  Solvents.  Lewis  Publishers. 
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The  total  soil  concentration  ( C,  fig/Tig)  was  determined  using: 


The  parameters  assumed  as  constant  for  the  calculations  are  presented  in 
Table  F(b)-5. 


Table  F(b)-5 

Aiisumed  Soil  Properties 

Bulk  Density (gr.cn’/) 

1.45 

Total  Porosity -0r  ('T-) 

40 

Water-Riled  Porosity- 6w  (%) 

:n 

Fraction  of  Organic  Carbon-/ 

L_  ■■ 

0.00:2 

The  total  soil  concentrations  of  each  contaminant  in  the  volumes  previously 
established  were  summed  to  find  the  concentration  of  total  VOCs 

The  concentrations  were  used  to  determine  the  approximate  total  VOC  mass  in  each 
depth  zone  within  a  polygon. 

Attachment  F(b)-1  is  an  example  of  the  procedure  used  to  obtain  the  mass  estimate. 

Results  and  Conclusions 

The  results  obtained  from  the  estimate  of  the  mass  of  VOCs  in  the  vadose  zone  indi¬ 
cate  that  the  contamination  primarily  consists  of  PCE  (90.1  percent)  and  45  percent 
of  the  total  mass  resides  between  26  through  40  feet  bgs.  As  indicated  in 
Table  F(b)-1,  the  greatest  mass  of  contaminant  resides  in  Polygon  8.  This  value  is 
conservative  as  the  data  from  the  adjacent  soil  vapor  monitoring  at  a  depth  of  26 
through  40  feet  bgs  were  extrapolated  to  the  much  larger  ptilygon  area.  The  extent 
of  the  contamination,  indicated  in  Figure  F(b)-1.  is  based  on  the  results  of  the  shallow 
soil  gas  survey. 

Table  F(b)-6  presents  the  data  for  each  polygon  area  used  in  estimating  the  mass  of 
VOCs  in  the  vadose  zone.  In  the  case  where  O’s  arc  present,  the  sample  results 
indicated  nondetectable  levels  of  VOCs  in  the  depth  interval.  In  the  cases  where  data 
were  not  available,  data  from  the  SVMWs  were  extended  to  surrounding  polygon 
areas,  as  described  previously. 
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Some  uncertainties  encountered  during  the  calculations  were  generated  from  limited 
soil  properties  data.  The  value  was  based  on  the  average  of  four  samples 
collected  during  the  installation  of  soil  vapor  monitoring  wells.  One  bulk  density  was 
estimated  for  the  area,  through  the  depth  of  the  polygon  areas  so  changes  in  the 
stratigraphy  were  not  accounted  for.  A  constant  total  porosity  and  water-filled 
porosity  were  assumed  for  all  calculations.  The  sensitivity  of  the  data  to  these 
parameters  was  evaluated,  and  the  value  was  the  only  parameter  that  appeared  to 
cause  any  significant  variation  in  the  mass  of  VOQ.  Table  F(b)-7  presents  data 
based  on  three  values. 


ii - 

Table  F(b)-7 

Sensitivity  Analysis  for  on  Mass  Estimates  on  Polygon  No.  1 

Depth  Interval 
(feet) 

Mass  of  Contaminant  | 

grams) 

=  0.001 

f^  =  0.0022 

=  0.003 

0  to  5 

6.3 

11.1 

14.2 

6  to  10 

23.4 

41.2 

53.1 

11  to  25 

74.7 

130 

167.7 

26  to  40 

910.3 

1,620.3 

2,093.1 

The  value  used  was  based  on  sample  results  and  is  considered  a  fair  represen¬ 
tation  of  actual  f  values  at  the  site. 

*  OC 

A  low  Henry’s  Law  constant  was  used  in  the  calculation  of  contaminant 
concentrations  in  the  sorbed  and  aqueous  phases  based  on  soil  gas  concentrations. 
As  the  value  of  the  Henry’s  Law  constant  increases  the  greater  the  mass  of 
contaminant  existing  in  the  vapor  phase.  The  lower  value  provided  a  more  con¬ 
servatively  high  estimate  of  mass  of  the  contamination. 
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Purpose 

This  technical  memorandum  identifies  potential  Applicable  or  Relevant  and  Appro¬ 
priate  Requirements  (ARARs)  and  other  to-be-considered  (TBC)  criteria  for  the 
remedial  action  alternatives  presented  in  this  Remedial  Investigation/Feasibility  Study 
(RI/ES)  for  the  Davis  Global  Communications  Site  (Davis  Site).  Section  121(d)  of 
Comprehensive  Environmental  Response,  Compensation,  and  Liability  Act  of  1980 
(CERCLA),  42  USC  §962 1(d),  requires  that  response  actions  conducted  under 
CERCLA  attain  a  level  or  standard  of  control  of  hazardous  substances  which  com¬ 
plies  with  applicable  or  relevant  and  appropriate  requirements  of  federal  environ¬ 
mental  laws  and  more  stringent  state  environmental  and  facility  siting  laws. 

Description  of  AR/\Rs 

Below  is  a  discu.ssion  of  the  Federal  and  State  statutes  and  regulations  that  have  been 
initially  identified  as  ARARs.  Tins  discussion  is  not  intended  to  serve  as  the  final 
determination  of  all  ARARs  for  the  Davis  remedial  action(s).  This  identification  of 
ARARs  is  an  iterative  process  throughout  the  RI/FS,  and  the  final  determination  itf 
ARARs  will  he  made  by  the  California  Environmental  Protection  Agency  (Cal/EPA) 
and  identified  in  the  Remedial  Action  Plan/Record  of  Decision  (RAP/ROD)  for  the 
Davis  Site. 

ARARs  include  "applicable"  and  "relev.int  and  appropriate"  requirements.  In  addi¬ 
tion  to  these  promulgated  standards,  Cal/IiPA  may  also  use  guidance  advisories  as 
matters  "to  be  considered.”  Applicable  requirements  are  those  cleanup  standards, 
standards  of  control,  and  other  substantive  environmental  protection  requirements, 
criteria,  or  limitations  promulgated  under  Federal  or  State  law  that  specifically 
address  a  hazardous  substance,  pollutant,  contaminant,  remedial  action,  location,  or 
other  circumstance  at  a  CERCUX  site. 
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Relevant  and  appropriate  requirements  are  those  cleanup  standards,  standards  of 
control,  and  other  substantive  environmental  protection  requirements,  criteria,  or  limi¬ 
tations  promulgated  under  Federal  or  State  law  that,  while  not  specifically 
"applicable"  to  a  hazardous  substance,  pollutant,  contaminant,  remedial  action, 
location,  or  other  circumstance  at  a  CERCLA  site,  address  problems  or  situations 
sufficiently  similar  to  those  encountered  at  the  CERCLA  site  that  their  use  is  well 
suited  to  the  panicular  site. 

CERCLA  provides  that  State  requirements  may  be  used  as  ARARs  for  Superfund 
sites.  To  be  considered  an  ARAR,  the  State  requirement  must  be  promulgated,  it 
must  be  more  striiigent  than  Federal  requirements,  and  the  State  must  identify  the 
ARAR  in  a  timely  manner.  The  State  ARARs  discussed  in  this  technical 
memorandum  are  based  in  part  from  the  ARARs  that  were  solicited  and  received 
from  various  agencies.  The  agencies  that  provided  ARARs  include  the  Department 
of  Health  Services  (Office  of  Drinking  Water),  the  Depanment  of  Toxic  Substances 
Control,  the  Regional  Water  Quality  Control  Board  (Central  Valley  Region),  the 
Yolo-Solano  Air  Quality  Management  District,  the  Department  of  Fish  and  Game, 
and  the  County  of  Yolo  Department  of  Public  Health. 

In  addition  to  legally  binding  laws  and  regulations,  many  federal  and  state  environ¬ 
mental  and  public  health  programs  also  develop  criteria,  advisories,  guidance,  and 
proposed  standards  that  are  not  legally  binding  but  that  may  provide  useful  informa¬ 
tion  or  recommended  procedures.  These  materials  are  evaluated,  along  wth  ARARs. 
as  part  of  the  risk  assessment  conducted  for  each  CERCLA  site  to  establish  pro¬ 
tective  cleanup  level  targets  and  to  help  identify  remedial  action  alternatives. 

After  completion  of  the  risk  assessment,  if  no  ARARs  address  a  particular  situation, 
or  if  existing  ARARs  do  not  ensure  protectiveness,  TBC  advisorie..,  criteria,  or  guide¬ 
lines  may  be  used  to  set  cleanup  targets,  TBC  values  may  have  to  be  adjusted  to  be 
applied  in  the  risk  assessment.  For  instance,  TBC  values  expressed  as  dosages  may 
have  to  be  converted  to  ambient  concentration  levels  before  they  can  be  applied  to  a 
site. 

Section  121(c)  of  CERCLA  states  that  no  federal,  state,  or  local  permit  is  required 
for  remedial  actions  conducted  entirely  onsite.  Therefore,  actions  conducted  entirely 
onsite  must  meet  only  the  substantive  and  not  the  administrative  requirements  of  the 
ARARs.  Actions  that  take  place  offsite  are  subject  to  the  full  requirements  of  fed¬ 
eral,  state,  and  local  regulations. 

ARARs  can  be  divided  into  three  categories: 

•  Chemical-specific  ARARs 

•  Location-specific  ARARs 

•  Action-specific  ARARs 

CTiemical-specific  ARARs  include  those  laws  and  requirements  which  regulate  the 
release  to  the  environment  of  materials  possessing  certain  chemical  or  physical 
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characteristics  or  containing  specified  chemical  compounds.  These  requirements 
generally  set  health-  or  risk-based  concentration  limits  or  discharge  limitations  for 
specific  hazardous  substances.  If.  in  a  specific  situation,  a  chemical  is  subject  to  more 
than  one  discharge  or  exposure  limit,  the  more  stringent  of  the  requirements  should 
generally  be  applied.  The  chemical  compounds  examined  in  this  document  are  those 
that  have  been  detected  at  the  Davis  Site  above  background  concentrations  in  the 
soil,  soil  gas  and  groundwater. 

Lxtcation-specific  AR.AJRs  are  those  requirements  that  relate  to  the  geographical  or 
physical  position  of  the  site  rather  than  the  nature  of  the  contaminants  or  the  pro¬ 
posed  site  remedial  actions.  These  requirements  may  limit  the  type  of  remedial 
actions  that  can  be  implemented  and  may  impose  additional  constraints  on  the 
cleanup  action. 

Action-specific  ARARs  are  requirements  that  define  acccpiable  treatment  and  dis¬ 
posal  procedures  for  hazardous  substances.  These  ARARs  generally  set  performance, 
design,  or  other  similar  action-specific  controls  or  restriciicMts  on  particular  kinds  of 
activities  related  to  management  of  hazardous  substances.  These  requirements  are 
triggered  by  the  particular  remedial  activities  that  are  selected  to  accomplish  a 
remedy.  Since  there  are  usually  several  alternative  actions  for  any  remedial  site,  very 
different  requirements  can  come  into  play.  The  action-specific  requirements  do  not 
in  themselves  determine  the  remedial  alternative;  rather,  they  indicate  how  a  selected 
alternative  must  be  achieved. 


Chemicai-Speciric  ARARs  and  TBCs 

Tables  G-l,  G-2.  and  G-3  present  potential  chemical-spcchic  ARARs  for  volatile 
organic  compounds  (VOCs).  semivoiatile  organic  compounds  and  pesticides,  and 
metals  in  water,  respectively,  arranged  by  chemical  compound.  The  major  regulations 
which  contribute  to  the  list  of  potential  chemical-specific  ARARs  are  the  Safe 
Drinking  Water  Act  (SDWA)  and  California  Department  of  Health  Services  (DHS) 
State  Maximum  Contaminant  Levels  (MCLs).  The  TBC  chemical-specific  materials 
compiled  for  the  Davis  Site  consider  (I)  Maximum  Contaminant  Level  Goals 
(.VlCLGs),  (2)  Federal  Health  Advisories.  (3)  California  Department  of  Health 
Services  Action  Levels,  (4)  California  Inland  Surface  Waters  Plan.  Numerical  Water 
Quality  Objectives.  (5)  California  Proposition  b.S  Regulatory  Levels  as  W.iter  Quality 
Criteria,  and  (6)  the  National  Pollutant  Discharge  EliminaiHin  System  (NPDES) 
permit  for  the  groundwater  treatment  plant  at  McClellan  .Air  Force  Base  (McClellan 
AFBl. 

The  Safe  Drinking  Water  Act.  42  USC  §.3()<)(f),  et  seq..  provides  limit.s  on  the  con¬ 
centrations  of  certain  hazardous  materials  in  drinking  water  "at  the  tap."  The  Act 
establishes  both  MCLs.  which  are  enforceable  limits,  and  maximum  contaminant  level 
goals,  which  are  not  enforceable  against  drinking  water  providers.  When  cleaning  up 
an  aquifer,  EPA  selects  levels  that  arc  at  least  a.>  protcctwr  as  MCLs,  and  to  the 
greatest  extent  possible,  that  arc  at  least  as  protective  as  non-zero  MCLGs. 
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(2)  Region  (XA/.S.  EPA.  Drinking  Water  SUndards  and  Health  Advisories  Table,  December  1992 

(3)  California  Regional  W^cr  Quality  Control  Board.  A  Compilation  of  Water  Quality  Goals.  May  1993 
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In  determining  whether  the  SDWA  applies  to  the  groundwater  underlying  the  Davis 
Site,  the  groundwater  classification  and  beneficial  uses  must  first  be  identified.  EPA’s 
policy  for  groundwater  classification  is  set  forth  in  the  preamble  to  the  National 
Contingency  Plan  (NCP)  (55  Federal  Register  8752-8756).  This  policy  uses  the 
groundwater  classification  system  provided  in  the  EPA  Guidelines  for  Groundwater 
Classification  under  the  EPA  Groundwater  Protection  Strategy  (U.S.  EPA.  1986). 

Under  this  policy,  groundwater  is  classified  in  one  of  three  categories  (Cla.ss  I,  II,  and 
III)  based  on  ecological  importance,  replaceability,  and  vulnerabilits'  considerations. 
Irreplaceable  groundwater  that  is  currently  used  by  a  substantial  population  or 
groundwater  that  supports  a  vital  habitat  is  considered  Class  I.  Class  II  groundwater 
consists  of  groundwater  that  is  currently  being  used  or  water  that  might  be  used  as  a 
source  of  drinking  water  in  the  future.  Groundwater  that  cannot  be  used  for  drinking 
water  due  to  insufficient  quality  (e.g.,  high  salinity  or  widecpread  naturally  occurring 
contamination)  or  quantity  is  considered  to  be  Class  III.  The  beneficial  uses  for  the 
groundwater  at  ttie  Davis  Site,  as  designated  by  the  Regional  Water  Quality  Control 
Board,  include  municipal,  agricultural,  industrial,  and  domestic  water  supply.  On  the 
basis  of  these  beneficial  uses,  the  groundwater  could  be  classified  as  a  Class  11  aquifer 
because  it  has  in  the  past,  and  may  in  the  future,  be  used  as  a  source  of  drinking 
water. 

CERCLA  §  121(d)(2)(B)  provides  that  CERCLA  response  actions  "shall  require  a 
level  or  standard  of  control  which  at  least  attains  Maximum  Contaminant  Level  Goals 
established  under  the  Safe  Drinking  Water  Act."  The  SDWA  VICL  standards  are 
based  on  human  consumption  of  water  for  drinking,  cooking,  bathing,  and  other 
similar  uses.  Economic  considerations  and  technical  feasibility  of  treatment  processes 
are  included  in  the  justification  for  these  levels.  MCLs  arc  applicable  to  the  quality 
of  drinking  water  at  the  tap  pursuant  to  the  SDWA  and  arc  ARARs  for  treated 
groundwater  when  the  end  use  is  drinking  water.  California  Department  of  Health 
Services  MCLs  are  enforced  if  the  levels  are  stricter  than  the  SDWA  MCLs. 

.MCLs  may  also  he  used  as  water  quality  limits  for  bodies  of  water  designated  as 
sources  of  drinking  water  in  a  Water  Quality  Cu..trol  Plan.  Because  the  Water 
Quality  Control  Plan  for  the  Central  Valley  Region  considers  the  beneficial  uses  of 
the  groundwater  in  the  Davis  area  to  include  domestic  water  supply,  MCLs  may  be 
applied  to  treated  groundwater  that  is  or  could  potentially  be  used  as  a  .source  of 
drinking  water. 

MCLGs  are  established  by  EP.A  under  the  National  Primary  Drinking  Water  Regula¬ 
tions  and  are  the  first  step  in  establishing  MCLs.  These  goals  are  set  at  levels  which 
rcpre.sent  no  adverse  health  risk.s.  MCLGs  are  set  at  zero  for  known  and  proba.hle 
human  carcinctgens. 

Pursuant  to  40  CFR  .Section  .4(H).430(e)(2)(i)(B),  MCLs  and  nonzero  MCLGs  are 
relevant  and  appropriate  as  in  situ  aquifer  standards  for  groundwater  that  is  or  may 
be  used  for  drinking  water. 
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HPA  MCLs  are  the  only  federally  enforceable  drinking  water  regulations  in  Tables 
G-1,  G-2,  and  G-3.  Some  compounds  have  California  MCLs,  which  are  also  enforce¬ 
able  because  they  are  more  strict  than  the  EPA  MCLs.  The  other  criteria  discussed 
below  are  nonenforceable  goals  or  advisories  that  are  derived  from  health-  related 
data  or  information. 

Many  compounds  in  the  tables  have  multiple  standards  and  criteria.  In  the  absence 
of  an  MCL  value,  the  more  stringent  TBC  may  apply.  However,  MCLs  and  TBCs  do 
not  consider  the  mixture  of  chemicals  that  are  present  at  the  Davis  Site  and  therefore 
cleanup  goals  may  be  set  below  the  chemical-specific  requirements  to  adequately 
protect  human  health  and  the  environment. 

Federal  Health  Advisories  are  TBC  criteria  published  by  EPA’s  Office  of  Drinking 
Water.  The  lifetime  health  advisory  (HA)  numerical  value  is  calculated  using  a  70 
kilogram  adult  who  consumes  2  liters  of  water  per  day.  A  relative  source  contribution 
firom  water  is  also  factored  into  the  lifetime  HA  calculation.  HAs  are  draft  docu¬ 
ments  which  are  subject  to  change  as  new  information  becomes  available. 

The  Reference  Dose  (RfD)  is  a  daily  exposure  level  which  appears  to  be  without 
appreciable  risk  during  the  lifetime  of  a  human.  The  units  of  the  RfD  are  micro¬ 
grams  per  kilogram  per  day.  The  RfD  is  derived  from  a  "no  observed  adverse  effect 
level"  (NOAEL)  identified  from  an  applicable  animal  study.  These  values  are  not 
ARARs,  but  are  TBC  criteria. 

The  California  Department  of  Toxic  Substances  Control  (DTSC)  (formerly  known  as 
the  Department  of  Health  Services,  or  DHS)  has  developed  drinking  water  action 
levels  as  guidelines  for  the  protection  of  drinking  water  systems.  These  levels  are 
advisory,  not  regulatory,  and  can  be  used  as  guidance  where  corrective- actioiT' may  be 
required.  These  values  are  also  TBC  criteria. 

The  Regional  Water  Quality  Control  Board  (RWQCB)  has  developed  a  Basin  Plan 
for  the  Central  Valley  Region  that  establishes  the  beneficial  uses  of  specific  water 
bodies  within  the  region.  To  protect  these  beneficial  uses,  the  State  Water  Resources 
Control  Board  has  adopted  the  Inland  Surface  Waters  Plan.  This  plan  establishes 
water  quality  objectives  for  receiving  waters  to  protect  sources  of  drinking  water  and 
aquatic  life  from  various  pollutants.  Only  values  developed  for  the  protection  of 
human  health  are  listed  on  Tables  G-1  through  G-3.  Values  to  protect  aquatic  life 
have  been  developed  for  metals,  but  have  not  yet  been  developed  for  many  organic 
comp)ounds,  whicl.  are  the  contaminants  of  concern  (i.e.,  VOCs)  at  the  Davis  Site. 
These  TBC  values  may  be  applied  to  treated  groundwater  discharged  to  surface  water 
or  runoff  that  may  reach  local  streams  during  construction  activities  at  the  site.  The 
Inland  Surface  Waters  Plan  also  may  apply  to  runoff  from  crops  irrigated  with  treated 
groundwater. 

The  Safe  Drintog  Water  and  Toxic  Enforcement  Act  (also  known  as  Proposition  65) 
establishes  a  discharge  prohibition  and  warning  requirement  for  carcinogens  and 
reproductive  toxins.  Under  Health  and  Safety  Code  §25249.5,  "No  person  in  the 
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course  of  doing  business  shall  knowingly  discharge  or  release  a  chemical  known  to  the 
State  to  cause  cancer  or  reproductive  toxicity  into  waters  or  onto  or  into  land  where 
such  chemical  passes  or  probably  will  pass  into  any  source  of  drinking  water...." 

Health  and  Safety  Code  §25249.6  prohibits  any  person  in  the  course  of  business  from 
exposing  an  individual  to  such  a  carcinogen  or  reproductive  toxin  without  first  provid¬ 
ing  a  clear  and  reasonable  warning.  Regulations  in  22  CCR  §12000,  et  seq.,  establish 
"no  significant  risk"  levels  or  "safe  use  numbers"  for  chemicals  subject  to  the  act. 

EPA  has  previously  considered  whether  Proposition  65  is  an  ARAR  for  federal 
Superfund  sites  and  has  concluded  it  is  not  an  ARAR  because  it  does  not  impose  a 
more  stringent  level  of  control  than  Federal  ARARs.  However,  these  values  are 
TBCs. 

The  NPDES  permit  that  was  issued  by  the  Regional  Water  Quality  Control  Board 
(RWQCB)  tor  the  groundwater  treatment  plant  at  McClellan  AFB  may  be  considered 
TBC  criteria  because  it  sets  limitations  for  VOCs  in  the  treated  effluent.  The 
limitations  are  1  ^g/1  for  acetone,  methylethylketone,  and  methyl  isobutyl  ketone,  and 
nondetect  or  0.5  /tg/l  for  all  other  VOCs.  TTie  regulations  used  to  develop  the 
McQellan  AFB  permit  would  be  the  same  as  those  that  would  be  applied  to  the 
Davis  Site. 

EPA  does  not  have  set  chemical-specific  cleanup  criteria  for  soil  that  would  be 
considered  ARARs.  EPA  Region  IX  has  drafted  Preliminary  Remedial  Goals 
(PRGs)  for  soil  which  were  issued  in  April  1993  and  updated  on  August  6,  1993. 
PRGs  are  health-based  concentrations  that  can  be  used  as  triggers  for  further  investi¬ 
gation  or  as  initial  cleanup  goals  if  applicable.  These  draft  remedial  goals  are 
currently  under  revision  and  are  not  considered  ARARs.  They  are,  however,  TBC 
criteria.  -  - 

Toxicity  characteristic  leaching  procedure  (TCLP)  criteria  have  been  adopted  under 
40  CFR  261.24  to  determine  when  a  waste  will  be  defined  as  a  characteristic  RCRA 
waste  due  to  toxicity.  These  criteria  set  a  regulatory  limit  at  which  the  material  must 
be  managed  and  treated  as  a  RCRA  hazardous  waste.  TCLP  criteria  are  applicable 
to  all  wastes,  such  as  contaminated  soil  boring  cuttings,  generated  at  the  Davis  Site 
which  are  taken  offsite  for  disposal. 

Cal/EPA  Hazardous  Waste  Characterization  criteria 'may  also  apply  to  contaminated 
media  removed  from  the  site  for  disposal.  Hazardous  waste  and  extremely  hazardous 
waste  criteria  include  Soluble  Threshold  Limit  Concentration  (STLC)  and  Total 
Threshold  Limit  Concentration  (TTLC)  (Title  22,  CCR,  Chapter  11).  These 
concentrations  are  used  to  determine  whether  a  waste  is  considered  hazardous  or 
extremely  hazardous  for  the  purposes  of  treatment,  storage,  transportation,  and 
disposal. 

Tables  G-1  through  G-3  do  not  include  the  TCLP,  TTLC  or  STLC  values  since  exca¬ 
vation  and  offsite  disposal  of  soil  as  a  remedial  alternative  is  not  an  option.  These 
hazardous  waste  criteria  will  be  applicable  only  if  contaminated  media  is  taken  offsite 
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for  disposal.  Tables  G-1  through  G-3  also  do  not  include  chemical-specific  require¬ 
ments  for  air  emissions.  Selected  air  emission  requirements  are  discussed  under 
action-specific  and  non-specific  ARARs. 

Location-Speciflc  ARARs 

Potential  location-specific  ARARs  and  other  criteria  for  the  Davis  Site  are  listed  in 
Table  G-4.  Location-specific  ARARs  differ  from  chemical-specific  or  action-specific 
ARARs  in  that  they  are  not  closely  related  to  the  site’s  waste  characteristics  or  to  the 
specific  remedial  alternative  under  consideration.  Location-specific  ARARs  are  con¬ 
cerned  with  the  area  in  which  the  site  is  located.  Actions  may  be  required  to 
preserve  or  protect  aspects  of  the  area’s  environment  or  cultural  resources  that  may 
be  threatened  by  the  site’s  existence  or  by  the  proposed  remedial  actions. 

The  major  statutes  fi:om  which  the  regulations  are  derived  which  contribute  to  the  list 
of  potential  location-specific  ARARs  include: 

•  Resource,  Conservation  and  Recovery  Act 

•  National  Archaeological  and  Historic  Preservation  Act 

•  National  Historic  Preservation  Act 

•  Endangered  Species  Act 

•  Qean  Water  Act 

•  Wilderness  Act 

•  Fish  and  Wildlife  Coordination  Act 

•  Scenic  Rivers  Act 

•  Coastal  Zone  Management  Act 

•  Marine  Protection  Resources  and  Sanctuary  Act 

Two  executive  orders  are  also  included:  the  Executive  Order  oil  the  Protection  of 
Wetlands,  and  the  Executive  Order  on  Protection  of  Rood  Plains.  R 18-8-264. 18  (40 
CFR  264.18(b))  applies  to  the  citing  of  new  hazardous  waste  treatment  facilities 
within  the  100-year  flood  plain. 

To  the  extent  that  the  remedial  action  will  affect  historical  resources,  streams,  flood 
plains,  or  wetlands,  Cal/EPA  requires  that  the  potential  remedial  alternatives  comply 
with  the  location-specific  requirements.  The  major  statutes  and  regulations  included 
in  the  list  of  potential  location-specific  ARARs  are  described  below. 

Executive  Order  on  Flood  Plain  Management 

The  Executive  Order  on  Flood  Plain  Management  requires  Federal  agencies  to 
evaluate  the  potential  effects  of  actions  that  may  take  place  in  a  flood  plain  to  avoid, 
to  the  extent  possible,  adverse  effects  associated  with  direct  and  indirect  flood  plain 
development.  EPA’s  regulations  to  implement  this  Executive  Order  are  set  forth  in 
40  CFR  6  §6.302(b).  In  addition,  EPA  has  developed  guidance  entitled  "Policy  on 
Flood  Plains  and  Wetlands  Assessments  for  CERCLA  Actions,"  dated  August  6, 

1985. 
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Archeological  and  Historic  Fi  eservation  Act 

The  Archeological  and  Historic  Preservation  Act  establishes  procedures  to  provide  for 
historical  and  archeological  data  preservation  which  might  be  destroyed  through 
terrain  alteration  as  a  result  of  a  Federal  construction  project  or  a  Federally  licensed 
activity  or  program.  If  proposed  remedial  action  activities  would  cause  irreparable 
loss  or  destruction  of  significant  scientific,  prehistorical,  historical,  or  archeological 
data,  Cal/EPA  would  require  adherence  to  the  procedures  in  the  statute  to  provide 
for  data  recovery  and  preservation  activities. 

National  Historic  Preservation  Act 

The  National  Historic  Preservation  Act  requires  Federal  agencies  ;ake  into  account 
the  effect  of  any  Federally  assisted  undertaking  or  licensing  on  any  district,  site,  build¬ 
ing,  structure,  or  object  that  is  included  in  or  eligible  for  inclusion  in  the  National 
Register  of  Historic  Places.  As  buildings  at  the  Davis  Site  reach  50  years  of  age,  they 
will  be  evaluated  for  historic  status  in  accordance  with  36  CFR  800.4,  Section  1906. 
None  of  the  buildings  onsite  are  50  years  of  age.  They  were  constructed  during  the 
1950s.  No  other  archaeological  or  cultural  resources  have  been  indicated  at  the  Davis 
Site. 

No  structures  are  to  be  impacted  by  the  proposed  remedial  alternatives.  If  an  eligible 
structure  would  have  been  adversely  affected,  the  procedures  for  protection  of 
historic  properties  are  set  forth  in  &ecutive  Order  11593  entitled  "Protection  and 
Enhancement  of  the  Cultural  Enviromnent"  and  in  36  CFR  Part  800,  36  CFR  Part  63, 
and  40  CFR  §6.301(c).  These  procedures  are  potentially  relevant  and  appropriate  for 
any  action  that  might  impact  historic  properties. 

Executive  Order  on  Protection  of  Wetlands  _  ^ 

The  Executive  Order  on  Protection  of  Wetlands  requires  Federal  agencies  to  avoid, 
to  the  extent  possible,  the  adverse  impacts  associated  with  the  destruction  or  loss  of 
wetlands  and  to  avoid  support  of  new  construction  in  wetlands  if  a  practicable  alter¬ 
native  exists.  EPA’s  regulations  to  implement  this  Executive  Order  are  set  forth  in  40 
CFR  6,  §6.302(a).  In  addition,  EPA  has  developed  guidance  entitled  "Policy  on  Flood 
Plains  and  Wetlands  Assessments  for  CERCLA  Actions,"  dated  August  6,  1985. 
Seasonal  wetlands  were  found  east  of  the  fenced  compound  near  the  center  of  the 
Davis  Site.  These  wetlands  were  probably  formea  from  winter  rains  and  cover  less 
than  1  acre  of  the  site.  This  area  is  outside  the  area  of  proposed  remedial  alterna¬ 
tives. 

Federal  and  State  Waste  Management  Regulations 

Both  Federal  and  State  solid  and  hazardous  waste  statutes  have  requirements  pertain¬ 
ing  to  location  of  facilities  in  flood  plain  areas.  No  permanent  structures  are  pro¬ 
posed  as  part  of  the  remedial  alternatives  with  the  exception  of  a  potential  irrigation 
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storage  resci-voir  and  possible  small-scale  treatment  plants.  The  proposed  remedial 
alternatives  would  not  expose  people  or  property  to  water-related  hazards  such  as 
flooding  and  would  be  located  away  from  the  flood-plain  area  that  encroaches  into 
the  southeast  section  of  the  site.  No  new  permanent  buildings  are  planned  in  the 
100-year  flood  plain.  To  the  extent  that  the  remedy  involves  storage  or  disposal  of 
solid  wastes,  the  Federal  and  State  requirements  governing  siting  and  operation  of 
facilities  in  the  flood  plain  would  be  potentially  relevant  and  appropriate. 

Endangered  Species  Act 

Under  the  Endangered  Species  Act,  remedial  actions  must  avoid  jeopardizing  the 
continued  existence  of  listed  endangered  or  threatened  species  or  modification  of 
their  habitat.  If  a  listed  sjjecies  or  their  habitat  may  be  affected  by  a  remedial  action, 
consultation  with  the  Fish  and  Wildlife  Service  may  be  necessary.  Special-status 
wildlife  include  Swainsons  Hawks  and  Burrowing  Owls.  The  proposed  remedial 
actions  will  have  a  less  than  significant  impact  on  wildlife  populations  at  the  site. 

Information  regarding  rare  and  endangered  plants  at  the  Davis  Site  was  provided  to 
CH2M  HILL  by  McClellan  AFB.  Five  plant  species  of  special  concern  were 
identified  at  the  site.  These  species  include  alkali  milkvetch,  vernal  pool  dodder, 
alkali  peppergrass,  Colusa  grass,  and  Solano  grass.  Colusa  grass  has  been  listed  as 
endangered  in  California  and  was  identified  in  two  seasonal  wetland  areas  located 
along  the  eastern-  and  western-most  edges  of  the  property. 

Solano  grass  was  found  at  either  end  of  a  seasonal  wetland  area  that  runs  along  the 
west  edge  of  the  property,  south  of  the  compound  area,  and  along  the  south  edge  of 
the  property.  Solano  grass  is  listed  as  an  endangered  species  by  the  U.S.  Fish  and 
Wildlife  Service  and  by  the  State  of  California.  This  is  the  first  population  of  Solano 
grass  to  be  discovered  in  Yolo  County  and  only  the  third  population  known  to 
science.  Tliese  two  sub- populations  (shown  in  Figure  G-1)  at  the  Davis  Site  total 
many  thousands  of  individual  plants. 

Construction  and  installation  of  extraction,  treatment,  and  end-use  facilities  and 
equipment  will  not  affect  the  endangered  botanical  species  found  at  the  Davis  Site. 
.No  new  facilities  are  planned  in  the  areas  where  these  grasses  are  located. 


Action^Specific  ARARs 

The  vadosc  zone  and  groundwater  remedial  alternatives  and  end-use  options  under 
consideration  are  listed  on  the  Table  G-5. 

Tfic  potential  action-specific  ARARs  that  relate  to  the  remedial  alternatives  and  end 
use  options  listed  above  for  the  Davis  Site  are  presented  in  Table  G-6.  The  action- 
sp,*cific  ARARs  include  technology-  and  activity-b.\$ed  requiremi.  nts  or  limitations  on 
actions  taken  with  respect  to  hazardous  substances  at  the  site. 
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1  Table  G-5 

1  Vadose  Zone  and  Groundwater  Remedial  Alternatives  and  End-Use  Options 

Options 

Media 

Vadose  Zone 

Groundwater 

Capture  Alternatives 

•  Soil  vapor  extraction 

•  Bioventing 

•  Groundwater  extraction 

Treatment  Options 

•  Electron  beam  technology 

•  Adsorptive  media 

•  Catalytic  oxidation 

•  Advanced  ultraviolet  oxidation 

•  Granular-activated  carbon 

•  Air  stripping 

End  Use  Options 

•  Air  discharge 

•  Irrigation 

•  Reinjection 

For  each  action,  a  number  of  potential  action-specific  ARARs  that  may  be  applicable 
or  relevant  and  appropriate  to  implementation  of  the  remedial  action  have  been 
identified.  A  description  of  the  requirements  associated  with  each  potential  ARAR 
and  a  discussion  of  the  conditions  under  which  the  ARAR  would  be  applicable  or 
relevant  and  appropriate  are  included. 

In  addition  to  the  action-specific  requirements  discussed  in  Table  G-6,  there  are  a 
number  of  regulations  or  requirements  that  also  contain  chemical-  and  location- 
specific  aspects.  These  regulations  or  requirements  may  be  considered  relevant  or 
appropriate  to  several  potential  remedial  alternatives.  A  more  detailed  discussion  of 
some  of  these  ARARs  is  presented  below. 

Resource  Conservation  and  Recovery  Act 

Many  RCRA  requirements  are  applicable  or  relevant  and  appropriate  to  the  alterna¬ 
tives  presented  herein.  The  RCRA  program  is  a  delegable  program;  the  states  may 
manage  the  program  in  lieu  of  the  EPA  if  the  state  statutes  and  regulations  are 
equivalent  to  or  more  stringent  than  the  federal  statutes  and  regulations.  California  is 
authorized  to  manage  the  RCRA  'iDase"  program,  i.e.,  the  requirements  in  existence 
before  the  passage  of  the  Hazardous  and  Solid  Waste  Amendments  (HSWA)  of  1984. 
The  EPA  enforces  the  requirements  promulgated  pursuant  to  HSWA.  Therefore,  in 
some  cases  the  applicable  or  relevant  and  appropriate  RCRA  requirement  will  be 
cited  as  state  law  and  in  other  cases  as  federal  law. 

"Contained  in"  Interpretation 

The  EPA’s  "contained  in"  interpretation  provides  that  an  environmental  medium  (e.g., 
soil,  groundwater,  debris,  surface  water)  that  has  been  contaminated  by  a  listed 
hazardous  waste  above  a  risk-based  level  or  a  level  of  concern  must  be  managed  as  if 
it  were  a  hazardous  waste.  Therefore,  the  RCRA  regulations  may  be  applicable  or 
relevant  and  appropriate  to  the  management  of  a  contaminated  environmental 
medium. 
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Land  Disposal  Restrictions 

The  !and  disposal  restrictions,  40  CFR  Part  268,  and  the  general  land  disposal  prohi¬ 
bition  in  absence  of  a  permit  (40  CFR  270.1)  will  be  applicable  or  relevant  and 
appropriate  to  discharges  of  contaminated  materials  to  land.  The  remedial 
alterr.atives  presented  do  not  include  land  disposal  of  untreated  material.  Untreated 
water  and  soil  will  remain  within  the  CERCLA  "unit." 

Storage 

The  RCRA  storage  requirements,  40  CFR-264.170  to  254.178,  will  be  applicable  or 
relevant  and  appropriate  to  the  storage  of  contaminated  groundwater  or  soil. 

Treatment 

Soil  vapor  extraction  units,  air  strippers,  and  the  other  treatment  alternatives  dis¬ 
cussed  in  this  RI/FS  are  miscellaneous  RCRA  units.  Therefore,  the  substantive 
requirements  of  40  CFR  Subpart  X,  including  any  closure  and  postciosure  care,  will 
be  applicable  or  relevant  and  appropriate. 

Reinjection 

RCRA  Section  3020  is  applicable  or  relevant  ar  i  appropriate  to  reinjection  of  treated 
groundwater  into  or  above  a  formation  that  contains  an  underground  source  of 
drinking  water. 

According  to  the  RWQCB,  the  reinjection  of  trated  groundwater  cannot  degrade  the 
high  quality  of  uncontaminated  areas  of  the  aquifer.  Best  Available  Technology 
(BAT)  must  therefore  be  applied  to  bring  the  concentration  of  contaminants  to  below 
detection  limits. 

Closure  and  Postclosure 

To  the  extent  present  or  former  RCRA  units  are  identified  in  the  source  areas, 
RCRA  closure  and  postclosure  requirements  may  be  applicable  or  relevant  and 
appropriate. 

A  waste  management  unit  is  required  by  23  CCR  2580  to  be  closed  in  accordance 
with  an  approved  closure  and  postclosure  maintenance  plan.  This  will  be  necessary  if 
wastes  are  to  be  left  in  place  that  could  adversely  impact  groundwater  quality. 

Air  Monitoring  for  Process  Vents  and  Equipment  Leaks 

The  requirements  of  40  CFR  264,  Subparts  AA  and  BB  and  22  CCR  Chapter  1*'. 
Articles  27  and  28,  will  be  applicable  or  relevant  and  appropriate. 
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Groundwater  Monitoring  and  Groundwater  Protects  Standards 

Groundwater  monitoring  requirements  under  40  CFR  264  Subpin  F  are  applicable  if 
the  CERCLA  remedial  action  involves  creation  of  a  new  disposal  unit,  when  remedial 
actions  are  undertaken  at  existing  RCRA  units,  or  where  disposal  of  RCRA 
hazardous  wastes  occurs  as  part  of  the  remedial  action. 

The  requirements  ot  40  CFR  Sectic.*  264.94  establish  three  categories  of  ground- 
water  protection  .standards  that  are  potentially  relevant  and  appropnate:  background 
concentrations,  RCRA  MCLs,  and  Alternative  Concentration  limits.  The  MCLs 
under  the  Safe  Drinking  Water  Act  are  relevant  and  appropriate  for  the  site  (see 
Chemical-Specific  ARARs,  discussed  above).  In  complying  «mh  SDWA  MCLs, 
cleanup  will  also  be  consistent  with  RCRA  MCLs.  When  no  MCL  has  been  estab¬ 
lished,  a  remediation  level  that  is  the  equivalent  of  a  health-based  ACL  under  RCRA 
may  be  relevant  and  appropriate. 

Groundwater  monitoring  requirements  are  also  found  in  23  CCR  2550.5.  This  section 
states  that  the  RWQCB  shall  specify  monitoring  points  at  the  point  of  compliance. 
The  point  of  compliance  is  defined  as  "a  vertical  surface  located  at  the  hydraulically 
downgradient  limit  of  the  waste  management  unit  and  extends  through  the  uppermost 
aquifer  underlying  the  unit."  This  section  is  applicable  to  any  source  contamination 
areas. 

Corrective  Action 

The  proposed  40  CFR  Subpart  S  corrective  action  regulations  are  TBC  to  land-based 
remedial  actions  undertaken  at  the  Davis  Site. 

In  addition  to  the  federal  requirem.ents,  23  CCR  2550  10  requires  the  discharger  to 
implement  a  corrective  action  program  to  remediate  releases  of  hazardous  waste.  A 
monitoring  program  should  be  established  to  demonstrate  the  effectiveness  of  the 
corrective  action.  This  applies  to  any  source  contamination  areas. 

Air  Emissions  Requirements 

Ambient  Air  Quality  Standards  and  New  Source  Review 

Both  the  national  (federal)  and  California  governments  have  established  ambient  air 
quality  standards  (NAAOS  and  CAAQS,  respectively)  for  z  number  of  air  pollutants, 
referred  to  as  criteria  pollutants.  The  criteria  pollutants  indade: 

•  Carbon  monoxide 

•  Lead 

•  Oxides  of  nitrogen  (NO,)  as  nitrogen  dioxwic 
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•  Ozone  (Reactive  organic  gases,  also  known  as  VOC,  and  NO^  are 
precursors  to  ozone  formation) 

•  Particulate  matter  less  than  10  microns  in  aerodynamic  diameter 

•  Sulfur  dioxide 

A  project  cannot  cause  or  contribute  to  an  exceedance  of  the  applicable  NAAQS  or 
CAAQS.  To  ensure  this,  new  or  modified  sources  of  air  pollutants  are  required  to 
comply  with  new  source  review  (NSR)  regulations.  Remedial  actions  conducted 
under  CERCLA  are  required  to  comply  with  the  substantive  ’■equirements  of 
applicable  rules  and  regulations  but  are  not  required  to  obtain  permits.  NSR 
regulations  are  promulgated  and  permits  are  issued  by  the  local  air  pollution  control 
districts  in  California.  In  the  case  of  the  Davis  Site,  the  local  regulatory  agency  is  the 
Yolo/Solano  Air  Quality  Management  District  (Y-S  AQMD). 

The  Y-S  AQMD  has  proposed  changes  to  its  current  NSR  rules  (Rule  3.4),  adopted 
in  February  1980.  The  current  rules  require  that  proposed  projects  with  net  emis¬ 
sions  increase(s)  greater  than  250  Ib/day  must  provide  offsets  for  the  affected 
pollutant(s).  Under  the  proposed  changes,  offsets  would  be  required  if  the  net  emis¬ 
sions  increase(sj  are  greater  than  15  ton/year  or  82  ib/day.  Under  the  current  rules, 
applicants  are  also  required  to  apply  Best  Available  Control  Technology  (BACT)  to 
proposed  projects  with  net  emissions  increase(s)  greater  than  250  Ib/day.  With 
proposed  changes,  BACT  requirements  would  be  triggered  if  emission  increases  are 
greater  than  10  Ib/day. 

Other  ARARs  for  the  Davis  Site  include  the  following; 

•  Y-S  AQMD  Rule  2.3— Ringelmann  Chart;  No  person  shall  discharge 
into  the  atmosphere  from  any  single  source  of  emissions  whatsoever  any 
air  contaminant,  other  than  uncombined  water  vapor,  for  a  period  or 
periods  aggregating  more  than  three  minutes  in  any  one  hour  which 
exceeds  20  percent  in  opacity  or  a  No.  I  on  the  Ringelmann  Chart,  as 
published  by  the  United  States  Bureau  of  Mines. 

•  Y-S  AQMD  Rule  2.5— Nuisance:  The  project  should  not  create  a 
public  nuisance.  This  includes  a  non-acccptabic  health  risk,  excess 
odors,  or  other  conditions  that  may  result  in  complaints.  All  reasonable 
precautions  should  be  taken  not  to  cause  or  allow  the  emissions  of 
fugitive  dust  from  being-  airborne  beyond  the  property  line  from  which 
the  emission  originates. 

•  Y-S  AQMD  Rule  3.1 -Authorizations  and  Permits  Required:  No 
person  shall  build  or  operate  any  facility  or  equipment  which  may  cause 
the  issuance  of  air  contaminants  of  which  may  control  air  contaminants 
without  obtaining  authorization  from  Y-S  AQMD.  The  substantive 
portions  of  this  rtile  arc  applicable. 
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•  Y-S  AQMD  Rule  2. 13 -Organic  Solvents;  A  person  shall  not  discharge 
more  than  15  pounds  of  organics  in  any  one  day  nor  3  pounds  in  any 
one  hour  from  any  equipment  or  machine  in  which  any  organics  come 
into  contact  with  flame  unless  the  discharge  has  been  reduced  by  at 
least  85  percent.  In  addition,  a  person  shall  not  discharge  more  than 
3,000  pounds  of  organics  or  40  pounds  of  photochemically  reactive 
organics  in  one  day  nor  more  than  450  pounds  of  organics  or  8  pounds 
of  photochemically  reactive  organics  in  any  one  hour,  from  any  machine 
or  equipment  used  for  employing  or  applying  organics,  unless  the 
discharge  has  been  reduced  by  at  least  85  percent. 

New  Source  Performance  Standards 

The  federal  EPA  establishes  new  source  performance  standards  (NSPS).  These 
standards  reflect  the  degree  of  emission  limitation  and  the  percentage  reduction 
achievable  through  the  application  of  the  best  technological  system  of  continuous 
emission  reduction  that  EPA  determines  is  adequately  demonstrated  for  each 
particular  source  category.  The  only  NSPS  source  category  that  might  be  considered 
applicable  to  the  technologies  being  considered  for  the  Davis  site  remediation  is 
incinerators,  if  a  thermal  oxidizer  is  employed.  The  requirements  found  in  Subpart  E 
of  40  CFR,  Part  60,  are  only  applicable  to  incinerators  with  charging  rates  greater 
than  50  tons  per  day.  If  used  at  the  Davis  Site,  a  thermal  oxidizer  would  have  a 
charging  rate  far  less  than  that  regulated  by  the  incinerator  NSPS. 

Requirements  for  Noncriteria  Pollutants  —  Toxic  Air  CorUaminants 

In  addition  to  the  criteria  pollutants  discussed  above,  there  has  been  increasing 
concern  about  toxic  air  contaminants  in  recent  years.  Toxic  air  coptaminants  (TACs) 
include  airborne  inorganic  and  organic  compounds  that  can  have  both  short-term 
(acute)  and  long-term  (carcinogenic,  chronic,  and  mutagenic)  effects  on  human 
health. 

Prior  to  the  1990  amendments  to  the  Clean  Air  Act,  the  EP,\  conducted  a  program 
to  establish  National  Emission  Standards  for  Hazardous  Air  Pollutants  (NESHAPs). 
NESHAPs  were  established  for  benzene,  vinyl  chloride,  radionudides.  mercury,  asbes¬ 
tos,  beryllium,  inorganic  arsenic,  radon  222.  and  coke  oven  emissions.  The  1990 
Clean  Air  Act  amendments  require  EPA  to  set  standards  for  categories  and  sub¬ 
categories  of  sources  that  emit  hazardous  air  pollutants,  rather  than  for  the  pollutants 
themselves.  TTte  deadline  for  the  first  set  of  EPA  standards  is  November  1W4. 
NESHAPs  set  before  1991  will  remain  applicable. 

Under  Assembly  Bill  1807,  California  has  a  program  for  klentifytng  and  developing 
emissions  control  and  reduction  methods  for  TACs.  The  California  Air  Resources 
Board  has  identified  15  compounds  .as  TACs  and  is  developing  measures  for  the 
control  of  these  TACs.  None  of  the  control  measures  developed  to  date  for  the  iden¬ 
tified  TACs  are  applicable  to  the  proposed  remediation  tednioiogies  or  their 
emissions. 
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Y-S  AQMD  has  not  yet  established  levels  of  acceptable  risk  for  use  in  evaluating  the 
impacts  of  new  and  proposed  projects,  such  as  the  Davis  site  remediation.  Based  on 
communications  with  the  Y-S  AQMD,  levels  currently  being  considered  are  similar  to 
those  used  by  the  Sacramento  Metropolitan  Air  Quality  Management  District 
(SMAQMD).  SMAQMD  has  released  a  "Permit  Procedure  Regarding  Criteria  for 
Calculating  an  Excess  Cancer  Risk  to  the  Public  Whom  May  be  Exposed  to 
Carcinogenic  Air  Contaminants  from  a  New/Modified  Toxic  Air  Emission  Source," 
September  9,  1991.  This  permit  procedure  requires  screening  and  potentially  refined 
risk  assessment  of  human  health  effects  associated  with  exposure  to  toxic  air  contami¬ 
nants.  Both  residential  and  workplace  exposures  must  be  evaluated.  Cancer  risks  are 
considered  acceptable  if  risks  do  not  exceed  one  theoretical  excess  lifetime  cancer 
case  per  million  individuals.  If  the  applicant  applies  Toxic  Best  Available  Control 
Technology  (TBACT),  risks  are  acceptable  if  they  do  not  exceed  10  theoretical 
lifetime  cancer  cases  per  million  individuals.  The  proposed  remediation  project  may 
be  required  to  conduct  a  risk  assessment  and  demonstrate  acceptable  risks,  as 
mentioned  previously  in  the  discussion  of  Y-S  AQMD  Rule  2.5— Nuisance. 

Porter-Cologne  Water  Quality  Control  Act 

The  State  Water  Resources  Control  Board  and  the  RWQCBs  derive  their  statutes 
from  Porter-Cologne  and,  as  such,  are  responsible  for  the  protection  of  existing  and 
probable  future  bcnefi'*ial  uses  of  State  waters.  Under  Poner-Cologne,  the  Regional 
Boards’  objectives  are  achieved  primarily  though  an  ongoing  basin  planning  program 
and  the  establishment  of  requirements  for  the  discharge  of  waste  to  waters  or  to  the 
land  of  the  state  where  such  discharge  has  the  potential  for  water  quality  impacts. 
Additionally,  waste  discharge  requirements  (WDR)  are  written  to  implement  regula¬ 
tions  promulgated  by  the  State  Board  in  Title  23  of  the  CCR.  The  establishment  of 
the  WDRs  by  the  State  Boards  may  be  necessary  to  regulate  any  proposed  offsite  dis¬ 
charge  where  CERCLA  waste  has  been  mixed  with  non-CERCLA  waste.  The  sub¬ 
stantive  requirements  of  Poner-Cologne  would  also  be  ARARs  for  nonsite  rem.edial 
activities.  Requirements  under  Porter-Cologne  could  be  chemical-specific,  action- 
specific,  and/or  location-specific. 

State  Water  Resources  Control  Board  Resolutions 

Resolution  92-49  establishes  policies  and  procedures  for  the  oversight  of  investigations 
and  cleanup  and  abatement  activities  resulting  from  discharges  which  affect  or 
threaten  water  quality.  The  Regional  Board  is  authorized  to  "require  complete 
cleanup  of  all  waste  discharged  and  restoration  of  affected  water  to  background 
conditions  (i.e.,  the  water  quality  that  existed  before  the  discharge)"  or  the  highest 
water  quality  which  is  reasonable  if  background  conditions  cannot  be  restored. 
Technical  and  economical  feasibility  will  be  considered. 

According  to  the  RWQCB,  "background"  is  defined  as  0.5  /ig/1  for  all  VOCs.  Under 
this  resolution,  the  contaminated  groundwater  at  the  Davis  Site  would  need  to  he 
remediated  to  0.5  /ig/1.  This  level,  as  well  as  MCLs,  has  been  considered  in  the 
development  of  extraction  options. 
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Resolution  92-49  is  currently  considered  a  TBC  because  it  is  not  a  promulgated 
policy'.  For  this  reason,  the  0.5  cleanup  criterion  would  be  considered  a  remedial 
goal,  not  an  enforceable  remedial  requirement. 

Resolution  68-16  requires  the  continued  maintenance  of  high  quality  water  of  the 
state.  Unlike  the  federal  antidegr  idation  policy,  this  state  policy  includes  groundwater 
as  well  as  surface  water.  Water  quality  may  not  be  allowed  to  be  degraded  below 
what  is  necessary  to  protect  the  '  beneficial  uses"  of  the  water  source.  Beneficial  uses 
of  waters  in  the  vicinity  of  the  Davis  Site  are  identified  in  the  Basin  Plan  for  the 
Central  Valley  Region. 

Resolution  68-16  is  an  AR.,\R  that  applies  most  often  to  CERCL.\  cleanups  that 
involve  extracting,  treating,  and  discharging  treated  groundwater.  .Activities  that 
discharge  to  high  quality  waters  (unaffected  surface  or  groundwater)  require  the  use 
of  "best  practicable  treatment  or  control"  of  the  discharge  to  avoid  pollution  or 
nuisance  and  maintain  high  quality.  Best  practicable  treatment  would  take  into 
account  technical  and  economic  feasibility.  This  polic7  also  applies  to  vadose  zone 
contamination  because  of  the  possibility  that  it  may  continue  to  degrade  groundwater 
quality,  which  would  not  be  protective  of  beneficial  uses.  The  requirement  to 
remediate  soils  and  groundwater  to  background  concentrations  unless  proven 
technically  and  economically  infeasible  can  also  be  found  in  23  CCR.  Division  3, 
Chapter  15. 


Waivers 

CE(RCL‘\  §121  provides  that,  under  certain  circumstances,  an  otherwise  applicable  or 
relevant  and  appropriate  requirement  may  be  waived.  These  waivers  apply  only  to 
the  attainment  of  the  ARAR;  other  statutory  requirements,  such  as  that  remedies  be 
protective  of  human  health  and  the  environment,  cannot  be  waived.  The  waivers 
provided  by  CERCI-A  §  121(d)(4)  are  listed  below. 

1.  Interim  Remedy -The  remedial  action  selected  is  only  part  of  a  total  remedial 
action  that  will  attain  such  a  level  or  standard  of  control  when  completed. 

2.  Greater  Risk  to  Human  Health  or  the  Environment -Compliance  with  the 
requirement  at  the  site  will  result  in  greater  risk  to  human  health  and  the  envi- 
ronm.er.t  than  alternative  options. 

3.  Technical  Impracticability— Ctimpliancc  with  the  requirement  is  technically 
impracticable  from  an  engineering  perspective. 

4.  Equivalent  Standard  of  Performance— The  remedial  action  selected  will  attain 
a  standard  of  performance  that  is  equivalent  to  that  required  under  the  other¬ 
wise  applicable  standard,  requirement,  criteria,  or  limitation  through  use  of 
another  method  or  approach. 
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5.  Inconsistent  Application  of  State  Requirements -With  respect  to  ^  state  stan¬ 
dard,  requirement,  criterion,  or  limitation;  the  state  has  not  consistently 
applied  (or  demonstrated  the  inteniion  to  apply  consistently^  the  standard, 
requirement,  criterion,  or  limitation  ;n  similar  circumstances  at  other  remedial 
actions. 

6.  Fund  Balancing— In  the  case  of  a  remedial  action  to  be  undertaken  solely 
under  Section  104  using  the  Fund;  selection  of  a  remedial  action  that  attains 
the  level  or  standard  of  control  in  the  requirement  will  not  provide  a  balance 
between  the  need  for  protection  of  public  health  and  welfare  and  the  environ¬ 
ment  at  the  site  under  consideration,  and  the  availability  of  amounts  from  the 
Fund  to  respond  to  other  sites  that  present  or  may  present  a  threat  to  public 
health  or  welfare  or  the  environment,  taking  into  consideration  the  relative 
immediacy  of  such  threats. 


Additional  Legal  Requirements 

Two  additional  legal  requirements  may  be  applicable  to  the  Davis  Site,  as  described 
below.  These  requirements  may  be  applicable,  although  they  are  not  environmental 
protection  standards  and  therefore  are  not  ARARs. 

The  Occupational  Safety  anJ  Health  Act  (29  CFR  1910.120) 

The  Occupational  Safety  and  Health  Act  requirements  for  worker  protection,  training, 
and  monitoring  are  applicable  to  remedial  actions  at  the  Davis  Site,  and  will  also  be 
applicable  to  the  operation  and  maintenance  of  any  treatment  facilities,  containmem 
structures,  or  disposal  facilities  remaining  onsite  after  the  remedial  action  is 
completed. 

OSHA  regulates  exposure  of  workers  to  a  variety  of  chc.micals  in  the  workplace,  and 
specifies  training  programs,  health  and  environmental  monitoring,  and  emergency  pro¬ 
cedures  to  he  implemented  at  facilities  dealing  with  hazardous  waste  and  hazardous 
substances. 

Pne  OSHA  requirements  to  be  implemented  following  site  remedial  actions  (during 
long-term  site  maintenance)  arc  dependent  on  the  site  remedial  actions  selected  and 
the  nature  of  the  wastes  or  hazardous  substances  remaining  on  the  site 
Requirements  other  than  those  for  hazardous  waste  sites  may  be  applicable. 

Standards  for  Transportation  of  Hazardous  Wa.ste 
(40  CFR  263,  49  CFR) 


These  standards  are  applicable  to  wastes  that  are  transported  (tffsite.  The  transporta¬ 
tion  standards  dclinc  the  types  of  containers,  labeling,  and  handling  required  for  ship¬ 
ment  of  hazardous  wastes  or  regulated  maleriah  over  public  roads  or  by  common 
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carriers.  If  any  remedia!  alternative  includes  offsite  treatment  or  disposal  wastes, 
treatment  system  effluents  or  residues,  or  other  contaminated  materials,  these 
regulations  will  be  applicable.  Any  action  or  waste  management  occurring  offsit  -•  is 
subject  to  full  regulation  under  federal,  state,  and  local  law. 
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DATE: 

SUBJECT: 


Analysis  of  Vadose  21one  Contamination  Impacts 
Davis  Global  Communications  Site 
Deliveiy  Order  No.  5055 


PROJECT: 


SAC2872155.13 


Purpose  and  Scope 

Field  investigations  have  detected  significant  quantities  of  volatile  organic  compounds 
(VOCs)  in  shallow  (5  to  20  feet)  and  intermediate  (20  to  40  feet)  soil  gas  samples 
collected  at  the  Davis  Global  Communications  Site  (Davis  Site),  which  is  4  miles 
south  of  the  City  of  Davis.  The  purpose  of  this  teclmical  memorandum  is  to  present 
an  estimate  of  the  long-term  threat  these  VOCs  may  pose  to  groundwater  beneath 
the  site.  Field  investigation  results  were  used  as  a  basts  to  simulate  the  movement  of 
\'OCs  through  the  vadose  zone  to  groundwater  over  time.  Groundwater  dilution 
calculations  were  then  performed  to  estimate  the  concentrations  of  VOCs  that  can  be 
expected  in  the  groundwater  beneath  the  site  because  of  contaminant  loading  from 
the  vadose  zone.  In  this  anal^s,  no  attempt  was  made  to  include  the  current  levels 
of  VOC  contamination  observed  in  the  groundwater.  The  estimated  incremental 
groundwater  impacts  described  herein  are  solely  caused  by  the  movement  of  VOCs 
from  the  vadose  zone. 

The  groundwater  conditions  at  this  site  change  significantly  in  response  to  seasonal 
variations  in  natural  recharge  and  irrigation  pumping.  Groundwater  levels  in  the 
B  aquifer  fluctuate  by  as  much  as  30  feet  over  the  course  of  the  year.  This  hydrologic 
condition  produces  a  zone  of  the  B  aquifer  (from  approximately  40  to  70  feet  bgs) 
that  is  periodically  flushed  1^  rising  and  falling  groundwater  levels.  Because  this  zone 
is  not  truly  unsaturated  for  most  of  the  year,  and  liquid  advection  driven  by  fluctuat¬ 
ing  groundwater  levels  appean  to  be  the  dominant  transport  mechanism,  this  zone 
was  not  included  in  these  vadose  zone  simulations.  The  results  presented  here  reflect 
impacts  to  groundwater  from  contamination  that  resides  in  the  permanent  vadose 
zone  from  the  ground  surfatx  to  a  depth  trf  40  feet. 
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Objectives 


The  main  objective  of  these  calculations  is  to  evaluate  whether  a  vadose  zone  remedi 
ation  effort  is  warranted  by  the  estimated  future  impacts  on  groundwater  posed  by 
VOCs  currently  residing  in  the  vadose  zone  at  the  Davis  Site. 


Approach 

Initial  Distribution  of  VOC  Mass  in  the  Vadose  Zlone 

The  accuracy  of  vadose  zone  transport  simulations  are  directly  dependent  on  an  accu¬ 
rate  estimation  of  the  initial  vertical  distribution  of  contaminant  mass  in  the  vadose 
zone  and  on  representative  estimates  of  the  soil  properties  through  which  the  contam¬ 
inants  move.  An  estimate  of  the  total  mass  of  VOCs  in  the  vadose  zone  at  the  Davis 
Site  determinea  from  measured  soil  gas  concentrations  was  prepared  CH2M  HILL 
and  is  included  as  Appendix  F(b),  Mass  Estimate  for  Vadose  Zone  Contamination. 
The  results  of  these  mass  estimate  calculations  indicate  that  greater  than  90  percent 
of  the  vadose  zone  VOC  contamination  at  the  Davis  Site  consists  of  tetrachloroethene 
(PCE).  As  a  result,  this  analysis  is  limited  to  the  movement  of  PCE  through  the 
vadose  zone  and  the  potential  impact  of  PCE  on  groundwater.  Figure  H-1  presents 
the  total  soil  concentrations  (PCE)  used  in  this  analysis.  Refer  to  Appendix  F  for  the 
details  of  the  mass  estimate  calculations. 

Vadose  Zone  Movement 

The  approach  used  to  estimate  groundwater  impacts  was  to  calculate  the  movement 
of  the  PCE  through  the  vadose  zone  to  the  water  table,  and  then  estimate  the  PCE 
mass  loading  to  groundwater  over  time.  The  analysis  of  vadose  zone  contaminant 
movement  considered  three  phases:  contaminant  dissolved  in  the  liquid  phase,  con¬ 
taminant  existing  as  a  vapor  phase  in  the  soil  atmosphere,  and  contaminant  sorbed  to 
the  organic  carbon  fraction  of  the  vadose  zone  soil.  The  transport  mechanisms  con¬ 
sidered  dominant  in  this  analysis  were  liquid  advection  downward  to  the  water  table 
and  gaseous  diffusion  into  and  out  of  surrounding  cells  driven  by  concentration  gradi¬ 
ents  (Fick’s  Second  Law).  A  one-dimensional  finite  difference  computer  model 
(VLEACH)  was  used  to  carry  out  the  necessary  calculations.  A  diagrammatic  repre¬ 
sentation  of  the  VLEACH  model  architecture,  including  afl  equations  governing  trans¬ 
port  between  phases  and  cells,  is  shown  in  Figure  H-2.  Table  H-1  presents  the 
notation  used  herein. 

It  is  not  practical  to  quantitatively  consider  all  of  the  proceates  that  may  be  affecting 
contaminant  transport  at  the  Davis  Site.  The  following  is  a  liA  of  all  processes  incor¬ 
porated  in  the  existing  VLEACH  model,  and  several  procesKS  that  were  not  incor¬ 
porated  at  this  time.  For  the  processes  not  incorporated,  aa  attempt  was  made  to 
qualitatively  describe  the  effect  these  processes  may  have  m  the  mdural  system  and 
our  estimates. 


100127B4.ROO  mam  Rt/FS) 


H-2 


POLYGONS  1 

1-7 

6 

8-12 

26 

13-18 

9 

19-25 

26-40 

1 

461 

TOWER 

( . ! 

!— i 


4712! 

t  POLYGONS 


POLYGON  4 
1-12  160 
13-28  337 

29-40  461 


POLYGON  8 

1-7  0 

8-12  4 

13-25  0 

26-40  461 


POLYGON  11 

1-25  1 

26-40  612 


•GENERALIZED  LIMIT 
OF  DETECTED  SOIL 
GAS  CONTAMINANT 


LEGEND 


DEPTH  BELOW 
GROUND 
SURFACE  — 


POLYGON  11 1 

1-7  4 

8-15  95 

16-29  17 

30-40  1 


■  VAOOSE  ZONE 
POLYGON 
NUMBER 


•  TOTAL  PCE 
CONCENTRADON 


SCAue  (Approiemito) 


NOTES:  AMPCEconopntMlafwrapraMnilaMwi 
conoaniralions. 

SOURCE:  Ap|MndiiF9>).MM«Es1imaMforVMaM29M 
Contaminallon  CH2M  HIIX.  1993 

50«ia 


100  FEET 


FIGURE  H-1 

DISTRIBUTION  OF  PCE  TOTA 
SOIL  CONCENTRATIONS  USI 
IN  VLEACH  SIMULATIONS 

DAVIS  GLOBAL  CX)MMUNICATIONS  SITE 
McCLELUN  MR  FORCE  BASE 
YOLO  COUNTY.  CAUFOTOHA 

. . 1 . ..I. . ..I. . ■oaiH/fi— 


HGURE  H-2 

SCHEMATTC  REPRESENTATION 
OF  VAOOSE  ZONE  PROCESSES 

OMIS  OtJOBAL  COMMUNICATIONS  SITE 

1*£LBiJW  MR  FORCE  BASE 

VOLO  COUNTY.  CAtffORMA  | 

■ . . . . . . 


ROOMHUM* 

iOM.I9 


Table  H-t 

Equadon  Variable  Defiaitioas 

Mj 

Total  mass  of  contamination  in  a  model  cell  {M] 

AZ 

=s 

Thickness  of  cells  in  VLE.\CH  calculation  (Lj 

n 

Total  porosity  of  soil  (dimensionless] 

= 

Water-filled  porosity  of  soil  (dimensionless) 

Pb 

s 

Bulk  density  of  soil  (M/L^) 

Kd 

ss 

Distribution  coefikient  for  soil-water  partitioning  (L^/M) 

Kh 

= 

Henry’s  constant  for  air-water  partitioning  (dimensionless] 

n 

Contaminant  concentration  in  sorbed  phase  (M/M] 

Cl 

= 

Contaminant  concentration  in  the  liquid  phase  (M/L^] 

3 

Contaminant  concentration  in  the  gas  phase  (M/L^] 

foe 

S8 

Fraction  organic  carbon  in  soil  (dimensionless] 

Koc 

3 

Organic  carbon  panition  coefficient  (L^/M] 

D 

3 

Effective  diffusion  coefficient  (L^T] 

3S 

Darcian  flux  of  percolating  water  |L/T] 

In  flnite  difference  equations: 

c 

3 

Refers  to  concentration  of  gas  or  liquid,  depending  on  the  equation  (M/L^] 

t+At 

* 

Refers  to  the  time  step  at  which  the  concentration  is  calculated 

i-1 

SS 

Refers  to  the  cell  number  in  which  the  concentration  is  calculated 

Processes  Incorporated  In  VLEACH 

Liquid  Advection.  Liquid  advection  is  the  process  of  water  in  the  vadose  zone  perco¬ 
lating  downward  to  the  water  table.  In  VLJEACH,  the  only  source  of  water  to  drive 
liquid  advection  is  infiltration  of  water  through  the  land  surtacc.  In  each  cell,  the 
contaminant  mass  that  resides  in  the  liquid  phase  is  redistributed  according  to  equilib¬ 
rium  assumptions,  and  liquid  with  a  revised  contaminant  concentration  ic  transported 
to  the  cell  below.  The  rate  of  advection  is  determined  by  the  recharge  rate  and  water 
content  specified  for  the  subarea  of  interest. 

Gaseous  Difniskm.  Gaseous  diffusion  is  the  transfer  of  contaminant  in  the  gas  phase 
into  adjacent  cells  driven  by  a  concentration  gradient.  If  the  gas-phase  contaminant 
concentration  is  higher  in  a  given  cell  than  it  is  in  an  adjacent  cell,  the  contaminant 
will  diffuse  into  the  lower  concentration  cell  until  equilibrium  is  reestablished. 

Sorption/Desorption.  Sorption/desorption  is  the  process  by  which  contaminant  mass 
is  exchanged  between  the  liquid  phase  and  the  solid  phase.  The  magnitude  of  this 
exchange  is  described  by  a  partition  coefficient  (Kq),  which  depends  on  the  properties 
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of  the  soil,  the  liquid,  and  the  specific  contaminant  of  interest.  For  this  application, 
variation  of  the  with  liquid  properties  is  not  incorporated. 

Volatilization.  Volatilization  is  the  process  by  which  contaminant  mass  is  exchanged 
between  the  gaseous  phase  and  the  liquid  phase.  The  direction  and  magnitude  of  this 
exchange  are  estimated  by  an  empirical  constant  known  as  Henry’s  constant  (K^). 

This  constant  depends  on  the  properties  of  the  chemical  of  interest. 

Processes  Not  Incorporated  In  VLEACH 

Preferred  Pathways  to  Flow.  The  entire  thickness  of  soil  in  the  vadose  zone  is 
assumed  to  be  homogeneous  and  to  behave  as  a  unifonn  porous  medium.  In  reality, 
water  moving  in  the  vadose  zone  may  follow  preferred  pathways.  These  pathways  will 
concentrate  flow  in  a  horizontal  sense,  both  liquid  and  vapor,  and  reduce  transport 
times  to  less  than  those  predicted  from  bulk  soil  properties.  If  infiltrating  water 
follows  preferential  paths,  some  volumes  of  soil  may  not  be  affeaed  by  advection,  and 
mass  transfer  from  these  soil  areas  will  be  dependent  on  the  relatively  slow  process  of 
gaseous  diffusion.  By  assuming  that  these  pathways  do  not  exist,  we  may  be  underes¬ 
timating  the  time  required  to  move  vadose  zone  contamination  into  the  groundwater. 


Presence  of  Free  Product  For  VLEACH  calculations,  it  is  assumed  that  no  free 
product  exists.  E«en  if  the  solubility  of  a  contaminant  is  exceeded  in  a  modei  cell,  no 
free  product  forms.  If  free  product  is  present  at  the  site,  it  may  significantly  increase 
the  time  required  for  vadose  zone  remediation.  Density-driven  flows  of  vapor  phase 
would  also  result.  The  mass  that  resides  as  a  free  product  is  isolated  from  the  equi¬ 
librium  system  and  will  only  be  released  when  the  aqueous  concentration  drops  below 
the  solubility  or  the  free  product  contacts  soil  vapor  and  directly  volatilizes  into  the 
soil  atmosphere. 

Nonlinearity  of  Soq)tion  Isotherms.  One  of  the  assumptions  made  was  that  Kq  is 
constant.  In  conditions  of  high  concentration  of  the  selected  contaminant  or  all  con¬ 
taminants  present,  Kq  can  decrease  because  of  competition  for  sorption  sites,  and 
sorption  may  be  less  extensive  than  that  predicted  by  the  original  value  of  Kq,  This 
assumption  overestimates  the  mass  of  contamination  smted  to  the  vadose  zone  soil 
and  predicts  a  longer  estimated  period  of  vadose  zone  contribution  of  contaminant 
mass  to  groundwater. 

Mineral  Son 'Uon.  Use  of  the  organic  carbon  partition  coc£6ciem  (iC„c)  value  to  esti¬ 
mate  the  Kg  for  trichloroethane  (TCA)  and  dichloroethane  (DCA)  assumes  that  all 
sorption  is  onto  soil  organic  carbon.  Additional  sorption  onto  soil  minerals  is  also 
possible,  but  is  not  incorporated  in  the  present  VLEACH  model. 

Nonequilibrium  Conditions.  The  present  VLEACH  model  assumes  that  ail  processes 
and  locations  are  at  equilibrium. 
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Liquid-Phase  Dispersion.  Liquid-phase  dispersion  was  neglected  in  this  model. 
Dispersion  can  affect  the  arrival  time  of  a  dissolved  solute  front  and  the  rate  of  solute 
removal  from  the  vadose  zone  after  most  ot  the  solute  mass  is  flushed  out.  Since  the 
front  is  assumed  to  have  already  reached  the  water  table,  dispersion  will  not  affect 
the  early  mass  loading  or  groundwater  impacts.  The  peak  impacts  on  groundwater 
are  expected  to  be  small.  Therefore,  any  affect  that  dispersion  may  have  on  late 
groundwater  contaminant  concentrations  is  not  critical  to  this  investigation. 

In  Situ  Degradation.  The  assumption  that  no  in  situ  degradation  of  contamination 
occurs  in  the  vadose  zone  is  conservative.  If  degradation  is  indeed  occurring,  we  are 
overestimating  the  mass  of  solvent  contamination  in  the  vadose  zone. 

Boundary  Conditions 

Upper  and  lower  boundary  conditions  must  be  defined  to  run  the  VLEACH  simula¬ 
tions.  These  boundary  conditions  govern  the  transfer  of  mass  between  the  vadose 
zone  and  the  atmosphere  above  and  the  water  table  below.  These  boundary  condi¬ 
tions  are  described  in  more  detail  below. 

Volatilization  of  Contamination  Into  Uie  Atmosphere.  The  transfer  oi  gas  phase 
contamination  from  the  top  cell  of  the  model  into  the  atmosphere  can  be  estimated 
by  VLEACH  under  two  different  boundary  conditions.  The  first  assumes  that  the 
upper  boundary  is  impermeable  to  gaseous  diffusion.  The  second  initializes  the  con¬ 
taminant  concentration  in  the  atmosphere  and  estimates  the  vapor  mass  transport 
from  the  resulting  concentration  gradient.  Since  the  majority  of  the  Davis  Site  is 
unpaved  and  open  to  gaseous  diffusion,  an  open  upper  boundary  was  selected  for 
these  simulations. 

Gas  Exchange  Between  the  Lowest  Ceil  and  the  Groundwater.  Tiie  VLEACH  model 
allows  two  options  for  describing  the  boundary  condition  at  the  base  of  the  vadose 
zone.  The  first  option  is  to  assume  that  the  water  table  is  impermeable  to  gaseous 
diffusion  and  therefore  all  mass  exchange  into  the  groundwater  is  caused  by  the  pro¬ 
cess  of  liquid  advection.  This  option  also  prevents  any  upward  movement  of  contami¬ 
nant  from  the  groundwater  into  the  vadose  zone.  The  second  option  is  to  assign  a 
contaminant  concentration  for  the  groundwater,  which  remains  constant  throughout 
the  simulation.  Vapor  transport  under  this  boundary  condition  is  calculated  based  on 
the  concentration  gradient  between  the  gas  phase  concentration  in  the  lowest  cell  and 
the  vapor  phase  concentration  that  would  exist  in  equilibrium  with  the  specified 
groundwater  concentration.  All  of  our  conclusions  here  are  based  on  the  first  option, 
which  assumes  that  the  water  table  is  impervious  to  gaseous  diffusion.  Laboratory 
experiments  recently  reported  in  the  literature  suggest  that  this  is  a  reasonable 
assumption,  as  the  capillary  fringe  above  the  water  table  acts  as  a  significant  barrier 
to  gas  flow  (McCanhy  and  Johnson,  1993).  Because  mass  transport  by  liquid 
advection  is  much  greater  than  that  by  molecular  diffusion  through  water,  the 
assumption  of  a  closed  lower  boundary  to  gas  diffusion  is  a  reasonable  representation 
of  the  physical  system  at  the  site. 
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Description  ofVLEACH  Calculation 

This  section  describes  the  sequence  of  steps  and  equations  used  by  the  computer  pro¬ 
gram  VLEACH  in  predicting  contaminant  behavior  in  the  vadose  zone.  It  is  impor¬ 
tant  to  note  that  the  contaminant  transport  "model"  is  the  set  of  governing  equations 
presented  below  with  the  appropriate  boundary  conditions  imposed.  The  computer 
program  simply  facilitates  the  solving  of  these  equations  in  a  timely  fashion.  Vari¬ 
ables  used  in  the  following  equations  are  defined  in  Table  H-1. 

Order  of  Calculation 

Step  1 —Calculate  the  Distribution  of  Contaminants  Among  the  Three  Phases.  The 

first  step  is  to  determine  the  equilibrium  distribution  of  contaminant  mass  in  the 
vadose  zone  in  the  three  phases  (liquid,  gas,  and  sorbed).  This  is  done  by  calculating 
the  contaminant  concentration  in  each  phase  according  to  the  following  equations: 


Af, 


kij 

Af, 


AZ  [8^  >  (n-e^)K,  >  p, 


[1] 


[2] 


Af, 


AZ 


^0 


(31 


Step  2— Advective  Transport  of  Liquid.  The  rate  of  advection  is  dependent  upon  the 
.echarge  rate  defined  for  the  polygon  of  interest.  Cells  gain  water  from  the  adjacent 
cell  above  and  lose  water  to  the  cell  below.  The  mass  moving  from  cell  to  cell  via 
advection  is  determined  by  the  concentration  of  contaminant  in  the  liquid  residing  in 
the  ceils. 


Step  3— Diffiisive  Transport  of  Gas.  The  contaminant  in  the  vapor  phase  moves  into 
or  out  of  adjacent  cells  in  response  to  vapor  concentration  gradients  that  exist 
between  the  cell  of  interest  and  adjacent  cells. 

Step  4— Recalculate  Total  Mass  in  Each  Cell.  After  this  exchange  of  vapor  and  liquid 
between  ceils,  the  total  mass  in  each  cell  is  recalculated  according  to  the  following 
equation; 

A#r  -  AZ  [0^C,  >  (n-0^)  C,  -  p,C,]  [4] 

Following  this  step,  the  total  mass  is  redistributed  into  the  three  phases  as  described 
in  Step  1. 
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Partitioning 

Partitioning  of  contamination  between  the  liquid  phase  and  the  organic  carbon  frac  ¬ 
tion  of  the  soil  is  assumed  to  be  a  linear  relationship  according  to  the  following 
equation; 

Kd  -  f,  K  [5] 

The  partition  coefficient  (K^)  can  also  be  defined  as; 


Exchange  of  contaminant  between  the  vapor  phase  and  the  liquid  phase  is  also  linear: 


Advective  and  Diffusive  Transport 

The  processes  of  advection  and  vapor  diffusion  are  described  by  the  partial  differen¬ 
tial  equations  (PDEs)  presented  below. 


For  advection: 


dt  '  Q  dz 


[«1 


For  diffusion; 


[9] 


The  approximate  solutions  to  both  of  these  PDEs  arc  arrived  at  in  a  similar  manner. 
For  brevity,  only  the  advection  case  will  be  described  here.  First,  the  PDE  is  approxi¬ 
mated  with  a  finite  difference  equation  (FDE)  of  the  form: 


( K" 


-C"|  *  [c,‘ -  c,'.,] ) 


110| 


In  this  equation,  the  concentrations  are  averaged  over  Time  Steps  t  and  t+At.  This 
gives  a  value  of  concentration  in  the  pore  water  between  time  steps,  the  time  at 
which  the  advection  calculation  is  actually  taking  place. 


If  this  equation  is  applied  to  each  cell  in  the  simulation,  the  result  is  a  set  of  simulta¬ 
neous  equations  that  arc  most  readily  solved  in  matrix  form.  The  program  VLEACH 
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converts  the  set  of  equations  to  matrix  form  and  solves  the  equations  using  matrix 
mathematics.  An  upper  boundary  condition  is  necessary  for  the  top  cell  of  the  simu¬ 
lation  because  the  term  C,,,  becomes  which  is  undefined  in  the  model.  The  con¬ 
centration  used  here  is  the  contaminant  concentration  in  the  infiltration  water,  which 
is  zero. 


Results  Of  VLEACH  Calculation 

The  VLEACH  model  allows  the  use  of  only  one  vertical  contaminant  distribution  per 
site  polygon.  Since  the  distribution  of  contamination  varies  at  different  locations 
across  the  Davis  Site,  the  .site  area  was  divided  into  11  pch/gons  with  similar  contami¬ 
nant  distributions.  These  polygons  are  identical  to  those  used  in  the  mass  estimation 
procedure  (Append'x  F(b))  and  are  shown  on  Figure  H-1. 

In  addition  to  an  estimate  of  the  initial  vertical  distribution  ot  contamination  for  each 
polygon,  VLEACH  also  requires  estimates  of  the  chemical  properties  of  the  contami¬ 
nant  of  concern  and  an  estimate  of  the  properties  of  the  soil  through  which  the  con¬ 
taminant  moves.  Table  H-2  presents  estimates  of  the  transport  properties  of  PCE 
used  in  the  VI .EACH  simulations,  and  Table  H-3  prcj».nts  the  assumed  soil  proper¬ 
ties  at  the  site.  The  references  for  the  PCE  chemical  properties  are  included  in 
Table  H-2,  while  the  soil  property  estimates  arc  based  on  laboratory  testing  of  soil 
samples  collected  during  drilling  onsite. 

The  output  from  the  VLEACH  program  includes  an  estimate  of  the  mass  loading  of 
PCE  to  groundwater  o/er  time.  Figure  H-3  presents  tne  total  mass  loading  to 
groundwater  from  all  site  polygons  over  time.  It  is  apparent  from  this  figure  that  the 
initial  mass  loading  rate  is  approximately  450  g/yr  of  PCE,  a.nd  this  rate  declines  con¬ 
tinuously  over  the  200-year  simulation.  This  pattern  of  mass  loading  is  a  result  of  the 
fact  that  the  majority  of  the  contaminant  mass  at  the  Davis  Site  resides  at  depths 
near  the  water  table.  This  mass  distribuii’c.:  eliminates  any  lag  time  that  may  occur  as 
contaminants  travel  through  the  vadose  zone  before  impacting  groundwater. 


rated 


Table  11-2 

Tetrachloroetliene  Chemical  Propcrika 


Property 

Cuacentnrtkm 

Aqueous  Solubility  (mg/l)* 

150 

Octanol/Watcr  Partition  Coelfident** 

762 

Henry’s  Constant  (dimensionless)^ 

0.545 

Free  Air  Diffusion  Qiefficienl  (m"/day)' 

0.756 

'Arthur  D.  Little,  Inc.  I9K5. 

"Schwille.  1988. 

“^McCoy  and  Associates,  1986. 
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Table  H-3 

Assumed  Davis  Site  Soil  and  Climatic  Properties 

Bi'lk  Density  (gem-) 

I.-t 

■ 

Fraction  Organic  Carbon 

"  '  '  . 

Total  Porosity 

0.4 

Volumetric  Water  Content 

0.2 

Recharge  Rate  (in./yr) 

2.9 

Groundwater  Impact  Calculation 


The  impact  of  PCE  residing  in  the  vadose  zone  or  groundwater  was  estimated  using  a 
simple  mixing  cell  model.  Esti.Tiates  of  annual  groundwater  underflow  beneath  the 
site  were  calculated  using  Darcy’s  Law  and  the  parameters  listed  in  Table  H-4.  There 
is  significant  uncertainty  at  this  site  as  to  the  thickness  of  aquifer  in  which  vadose 
zone  contamination  mixes  with  native  groundwater.  The  lack  of  a  distinct,  continuous 
aquitard  between  the  B  aquifer  and  C  aquifer,  along  with  the  similarity  in  ground- 
water  levels  in  these  two  units,  suggest  that  they  arc  at  least  partially  hydraulically 
connected.  To  address  this  uncertainty,  calculations  were  pcrtcrmed  for  both  mixing 
in  the  B  aquifer  and  the  combined  B-C  aquifer  so  that  the  affects  of  either  scenario 
could  be  examined.  The  method  used  to  estimate  groundwater  contaminant  concen¬ 
trations  is  described  in  more  detail  in  the  following  paragraphs. 

The  annual  mass  loading  of  PCE  to  the  groundwater  was  obtained  from  the 
VLEACH  calculation.  The  groundwater  PCE  concentrations  through  time  were  cal¬ 
culated  using  the  following  steps: 


Step  1  — Initialize  groundwater  concentration  in  the  mixing  cell.  It  was 
assumed  that  the  initial  concentration  of  PCE  in  the  mixing  cell  was 
zero. 

Step  2— Calculate  mass  leaving  mixmg  cell  during  current  time  step: 
‘^^(urr  ~  Goirr 

where:  is  the  solvent  mass  leaving  the  mixing  cell,  Oour 

annual  flow  rate  out  of  the  mixing  cell,  and  C(-jt,  ^  is  the  groundwater 
solvent  concentration  in  the  mixing  cell  during  the  current  time  step. 

Step  3— Calculate  new  mixing  cell  groundwater  solvent  concentration: 
C .  MiN-i-Moirr 
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where:  M.jj  is  the  solvent  mass  entering  the  mixing  ceil  from  solvent 
transport  through  the  vadose  zone,  water  volume  of 

the  mixing  cell,  and  Moot  Qtia.  defined  as  above. 

•  Step  4— Return  to  Step  2  and  repeat  for  successive  time  steps. 


1  Table  U-4 

Aquifer  Parameters 

Hydraulic  Conductivity  of  B  Aquifer  (ft/day) 

10 

Hydraulic  Conductivity  of  B-C  Aquifer  (ft/day) 

65 

Transmissivity  of  B  Aquifer  (ftf'day) 

;(X)  to  600 

Transmissivity  of  B-C  Aquifer  (ft“  day) 

1..5(X) 

Porosity 

0.4 

Hydraulic  Gradient  (winter)  (ft/ft) 

0.001 

Hydraulic  Gradient  (summer)  (fuft) 

0.(X)5 

Flow  Field  Width  (ft) 

4tX) 

Figure  H-4  presents  the  estimated  incremental  impacts  on  groundwater  caused  by 
PCE  contamination  in  the  vadose  zone.  Results  suggest  that  if  contamination  mixes 
in  the  B  aquifer  only,  PCE  concentrations  in  groundwater  will  reach  a  maximum  of 
approximately  82  fig/}  after  about  30  years.  If  the  PCE  mass  mixes  completely  in  the 
combined  B-C  aquifer,  PCE  concentrations  will  reach  a  maximum  of  approximately 
21  fig/l  in  approximately  15  years.  Lower  groundwater  concentrations  arc  expected 
with  complete  mixing  in  the  combined  B-C  aquifer  because  of  greater  dilution  of 
identical  mass  loading  rates. 

Sensitivity  Analysis 

Many  assumptions  were  made  in  the  course  t)f  this  analysis  regarding  the  distribution 
of  contaminants  at  the  Davis  Site  as  well  as  the  hydrogeoiogic  framework  through 
which  they  move.  While  the  transport  properties  of  particular  contaminants  are  fairly 
well  quantified,  significant  uncertainty  exists  in  the  magnitude  and  spatial  variability  of 
the  properties  of  the  sediments  at  the  site.  Because  variability  in  these  properties  can 
significantly  affect  contaminant  transport  behavior,  sensitivity  analyses  were  performed 
to  investigate  the  effects  of  varying  hydraulic  conductivity  and  fraction  organic  carbon 
on  mass  loading  rates.  The  results  of  these  simulatkons  are  discus.sed  below. 
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Hydraulic  Conductivity 

Figure  H-5  presents  the  results  of  the  sensitivity  analysis  on  aquifer  hydraulic 
conductivity.  Since  the  magnitude  of  the  aquifer  hydraulic  conductivity  does  not 
significantly  influence  the  rate  of  water  movement  under  unsaturated  flow  conditions, 
the  primary  effect  this  parameter  has  on  groundwater  concentrations  is  to  vary  the 
magnitude  of  dilution  caused  by  groundwater  underflow.  The  middle  curve  shown  on 
Figure  H-4  is  identical  to  the  combined  B-C  aquifer  groundwater  concentration  curve 
presented  in  Figure  H-3,  Results  of  this  analysis  suggest  that  if  the  hydraulic  conduc¬ 
tivity  is  doubled,  the  peak  groundwater  PCE  concentration  drops  to  about  12  /ig/1.  If 
the  assumed  hydraulic  conductivity  is  cut  by  half,  the  peak  groundwater  PCE  concen¬ 
tration  increases  to  about  37  /ig.'l. 

Fixation  Organic  Carbon 

Another  soil  property  that  can  significantly  affect  contaminant  movement  in  the 
vadose  zone  is  the  quantity  of  organic  carbon  that  exists  in  the  soil.  The  greater  the 
quantity  of  organic  matter  present,  the  greater  the  mass  of  contamination  that  is 
adsorbed  to  soil  surfaces.  This  process  will  act  to  retard  the  movement  of  contami¬ 
nants  through  the  vadose  zone  and  may  significantly  increase  the  length  of  time  over 
which  the  vadose  zone  continues  to  contribute  contaminant  mass  to  groundwater. 

Tliis  affect  can  be  observed  in  Figure  H-6.  As  before,  the  middle  curve  is  identical  to 
the  combined  B-C  aquifer  groundwater  contamination  curve  presented  in  Figure  H-3. 
At  lower  fraction  organic  carbon  (fg^)  levels  in  the  soil,  the  contaminants  flush 
through  the  vadose  zone  more  rapidly,  producing  higher  initial  contaminant  concen¬ 
trations  in  groundwater.  At  higher  fg^  levels,  the  movements  of  contaminants  through 
the  vadose  zone  are  retarded,  and  groundwater  contaminant  concentrations  build 
more  slowly.  The  opposite  effects  are  seen  in  the  groundwater  concentration  decay 
portion  of  the  curves.  High  f^e  levels  produce  a  lower  peak  groundwater  concentra¬ 
tion,  but  contaminant  loading  persists  longer  into  the  future.  Low  f^^  levels  produce 
the  opposite  effect  with  a  higher  peak  groundwater  concentration  and  a  shorter  dura¬ 
tion  of  mass  loading  to  groundwater.  For  the  n  agnitude  of  contaminant  concentra¬ 
tions  and  f^^  levels  that  exist  at  the  Davis  Site,  this  parameter  varies  the  estimated 
peak  groundwater  PCE  concentrations  produced  by  mass  loading  from  the  vadose 
zone  by  approximately  15  (17  ^ig/l  to  32  /tg/1). 


Conclusions 

The  results  of  the  analysis  suggest  that  the  mass  of  VOC  contamination  that  exists  in 
the  vadose  zone  at  the  Davis  Site  is  a  significant  long-term  threat  to  groundwater 
quality.  The  PCE  concentrations  estimated  are  significantly  above  the  State  of 
California  maximum  contaminant  level  (MCL)  set  for  PCE  (5  #tg/l).  Results  also 
indicate  that  the  groundwater  ointaminant  concentrations  will  remain  above  MCLs 
for  a  minimum  of  10  to  IS  years  because  of  the  continued  movement  of  VOC  con¬ 
tamination  from  the  vadose  zone  to  groundwater. 
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PREPARED  FOR:  Davis  RI/FS  Report 
PREPARED  BY:  Fritz  Carlson/CH2M  HILL,  Redding 


DATE: 


Septembe’’  9,  1993 


SUBJECT: 


PROJECT: 


Analysis  of  Soil  Vapor  Extraction 
Davis  Global  Communications  Site 
Delivery  Order  No.  5022 

SAC28722.55.18 


Purpose  and  Scope 

The  purpose  of  this  technical  memorandum  is  to  set  forth  the  approach,  results, 
and  limitations  of  modeling  of  airflow  in  the  vadose  zone  at  the  Davis  Global 
Communications  Site  (Davis  Site). 

The  objective  of  the  modeling  was  to  evaluate  the  pumping  rate  and  well  locations 
that  would  be  needed  to  capture  contaminants  that  exist  within  the  vadose  zone 
target  area  at  the  site.  The  target  area  is  shown  in  Figure  I-l.  For  the  purpose  of 
this  technical  memorandum,  it  is  assumed  that  the  bottom  of  the  zone  to  be 
remediated  is  at  a  depth  of  approximately  40  feet;  therefore,  the  interval  that  is 
between  40  feet  and  the  seasonal  water  table  is  not  addressed  in  this  evaluation. 


Modeling  Approach 

The  approach  to  estimating  the  flow  rates  and  extraction  well  locations  was  based  on 
the  assumptions  presented  in  Massmann,  1989,  The  most  significant  assumption  in 
this  paper  is  that  reliable  predictions  of  the  drawdown  and  flow  pattern  in  a  soil 
vapor  extraction  well  field  can  be  modeled  using  techniques  for  saturated  zone 
groundwater  modeling  with  appropriate  adjustments  for  the  lower  density  and 
viscosity  of  air  compared  with  water. 

The  modeling  code  that  was  used  is  MicroFem,  a  finite  element  code  developed  by 
Hemker,  et  al.  (1987,  1992).  MicroFem  can  handle  up  to  4,000  nodes  and  four  layers. 
A  recent  enhancement  of  the  MicroFem  code  allows  modeling  of  transient  as  well  as 
steady«state  conditions.  For  the  application  at  the  Davis  Site,  a  two-layer  steady-state 
model  was  used. 
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The  assumed  properties  of  the  vadose  zone  that  control  the  movement  of  air  are 
based  on  the  results  of  air  permeability  testing  conducted  at  the  site.  These  values 
are  shown  in  Table  M. 


Tabis  1-t 

Vadose  Zone  Properties  Used  in  Modeling 

Vadose  Zone  Property 

Value 

Air  transmissivity  of  the  upper  permeable  zone  (ft^/day) 

160 

Air  transmissivity  of  the  lower  permeable  zone  (ff^/day) 

4.5 

Vertical  resistance  of  the  upper  confining  layer  (day) 

120 

Vertical  resistance  of  the  layer  separating  the  upper  and  lower 
permeable  zones  (day) 

18 

Modeling  Results 

The  results  of  the  soil  vapor  modeling  show  that  the  entire  target  area  for  the  vadose 
zone  can  be  captured  by  pumping  50  cfm  for  each  of  the  existing  wells  CH-1,  CH-2, 
CH-4,  and  CH-5.  Flow- lines  to  the  wells  are  shown  in  Figure  I-l.  On  the  basis  of 
travel  time  for  air  through  the  vadose  zone  to  the  extraction  wells,  the  average  time 
of  travel  is  about  30  days. 

The  time  required  to  flush  the  contaminants  from  the  vadose  zone  within  the  target 
area  cannot  be  accurately  predicted  because  local  heterogeneities  and  contaminant 
sorption  will  likely  result  in  an  extended  period  of  contaminant  release.  For  the  pur¬ 
pose  of  estimating  the  time  required,  it  should  be  assumed  that  1,000  pore  volumes 
need  to  be  extracted  from  the  vadose  zone.  This  would  mean  that  the  vadose  zone 
extraction  system  would  have  to  be  pumped  for  about  10  years. 


Limitations  of  Modeling 

The  results  of  the  model  indicate  that  the  vadose  zone  target  area  can  be  captured  by 
pumping  a  total  of  200  cfm  from  four  wells.  However,  there  may  be  areas  within  the 
capture  zone  where  the  properties  of  the  strata  depart  from  the  values  assumed  in 
the  model.  Such  heterogeneities,  if  present,  could  result  in  departures  from  the  esti¬ 
mated  flow  rates  and  number  of  wells  to  achieve  capture.  In  addition,  the  air  perm¬ 
eability  of  the  subsurface  is  likely  not  steady  in  time  because  of  seasonal  changes  in 
water  content  of  the  unsaturated  sediments.  During  wet  seasons,  the  yield  of  the 
extraction  wells  may  decrease  because  of  lowered  permeability. 
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The  limitations  of  the  modeling  call  for  careful  monitoring  of  system  operation, 
especially  during  the  first  few  years  of  operation. 

Soil  Vapor  Extraction  System  Layout  and  Costs 

Capital  and  operation  and  maintenance  costs  of  the  prqxjsed  system  are  summarized 
in  Table  1-2.  Tlie  costs  include  materials  plus  associated  installation,  labor,  operation 
and  maintenance,  and  power. 

Figure  1-2  is  a  schematic  of  the  manifold  piping  necessary  to  connect  the  four 
extraction  wells  and  route  the  offgas  to  a  centralized  of^  treatment  facility.  A 
centralized  blower  station  is  proposed  to  supply  the  vacuum  needed  to  extract  vapor 
from  the  extraction  wells.  Two  2-hp  explosion-proof  blowers  capable  of  pulling 
100  scfm  each  would  be  used  in  the  blower  station.  A  single  air/watcr  separator 
would  also  be  housed  at  the  blower  station  to  remove  water  from  the  airstream 
before  entering  the  suction  of  the  blower. 


Table  1-2 

.SVE  System  Costs 

Item 

Cost  ($) 

1  Capital  Outlays  ^  f 

Pipes  and  Valves 

14.500 

Blowers  with  Controls 

9,000 

Air/Water  Separator 

400 

Blower  Shed 

3,000 

Electrical 

4,000 

Contractor  Labor 

18000 

Mobilizaiion/Demobilization 

10,000 

Stanup 

8,000 

Total  Capitai 

66,900 

1  Annual  Co«U  | 

Power 

2.000/yr  1 

O&M  (30%  of  Capital) 

20.100  1 
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Applicability  of  Standard  Soil  Vapor  Extraction 
to  the  Zone  of  Seasonal  Water  Table  Fluctuation 

The  SVE  assessment  discussed  in  this  appendix  only  included  soils  down  to  a  depth  of 
40  feet.  The  zone  of  seasonal  water  table  fluctuation  located  from  40  to  70  feet 
below  ground  surface  was  not  included  in  the  assessment  for  two  reasons: 

•  Recent  water  level  data  indicate  that  the  zone  is  below  the  water  table 
for  approximately  one-half  of  the  year.  Standard  SVE  can  do  nothing 
to  address  the  contamination  while  it  is  submerged. 

•  Soils  within  the  zone  are  primarily  fine-grained  and  will  likely  retain  a 
high  water  saturation  percentage  even  after  the  water  table  recedes. 

The  combination  of  fine-grained  soils  with  high  water  saturation  creates 
a  low  in  situ  air  permeability  that  makes  effective  implementation  of 
SVE  difficult. 

For  these  two  reasons,  standard  SVE  is  not  at  this  time  ttought  to  be  a  viable  reme¬ 
diation  method  for  the  40  to  70  feet  below  ground  surface  zone.  A  variation  on  SVE, 
called  dual-phase  extraction,  should  be  considered  for  this  zone,  as  described  in 
Appendix  O. 
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DATE:  September  9,  1993 


SUBJECT:  Groundwater  Extraction  Evaluation 

Davis  Global  Communications  Site 
Delivery  Order  5055 


PROJECT:  SAC28722.55.13 


Purpose  and  Scope 

This  technical  memorandum  summarizes  the  data  evaluation  performed  to  estimate 
the  amount  of  groundwater  extraction  required  for  containing  and  removing  ground- 
water  contamination  within  ideniified  target  areas  beneath  the  Davis  Global 
Communications  site  (the  Davis  Site).  The  groundwater  in  the  vicinity  of  the  fenced 
main  compound  area  at  the  site  is  contaminated  with  trichloroethene  (TCE), 
tetrachloroethene  (PCE),  and  other  chlorinated  volatile  organic  compounds  (VOCs). 
In  addition,  petroleum  and  VOC  contamination  has  been  identified  in  the  soil  to  a 
depth  of  65  feet  below  land  surface  in  the  same  area.  This  technical  memorandum 
provides  supplemental  information  for  the  Remedial  Investigation/Eeasibility  Study 
Report  and  is  based  on  a  similar  technical  memorandum  produced  for  the  Inter¬ 
mediate  Remedial  Design  Report  (IRDR)  (CH2M  HILL,  May  1993).  The  scope  of 
this  report  addresses  the  following: 

•  Target  areas  for  capturing  contaminated  groundwater 

•  Number  and  location  of  extraction  wells 

•  Extraction  rates 

•  Extraction  and  monitoring  well  construction 

•  Estimated  concentrations  of  VOC  and  metals  in  extracted  groundwater 

The  data  analysis  involved  reviewing  available  regional  and  site-specific  groundwater 
data,  identifying  the  target  areas  for  remediation,  and  performing  a  groundwater 
capture  zone  evaluation  using  a  groundwater  flow  model.  Results  of  these  data 
evaluations  arc  provided  below. 


100t278B.KOD  (Olvn  R14^) 


J.l 


Data  Review 


Regional  Groundwater  Hydrology 

Figure  J-1  is  a  contour  map  of  groundwater  elevations  measured  in  privately-owned 
wells  in  the  fall  of  1990.  This  time  period  represents  a  relatively  low  water  level 
period  due  to  the  drought  and  pumping  during  the  summertime  for  irrigation.  The 
figure  shows  that  the  regional  groundwater  flow  direction  is  to  the  east  toward  the 
Sacramento  River.  Putah  Creek,  located  approximately  1.5  miles  north  of  the  Davis 
Site,  discharges  to  the  Yolo  Bypass  area.  TTie  Yolo  Bypass  area  to  the  east  of  the 
site  appears  to  be  a  groundwater  discharge  area.  Groundwater  movement  is  usually 
upward  from  deeper  aquifers  to  shallow  aquifers  in  groundwater  discharge  zones. 

Groundwater  levels  in  the  vicinity  of  the  site  vary  seasonally  due  to  agricultural  pump¬ 
ing.  Lands  surrounding  the  site  are  used  for  agriculture,  and  the  only  water  supply 
for  these  lands  is  groundwater.  Water  levels  usually  decline  in  the  summertime  irriga¬ 
tion  season  (April  to  September)  and  rise  during  the  wintertime  (October  to  March). 
The  water  levels  can  range  from  30  to  65  feet  in  one  year. 

Most  agricultural  wells  pump  from  depths  of  approximately  150  to  300  feet  below 
land  surface  (bis).  These  wells  correspond  to  the  D  and  E  aquifers  at  the  site. 

Site-Specific  Groundwater 

Thirty-six  monitoring  wells,  two  piezometers,  and  four  extraction  wells  have  been 
installed  at  the  site  since  1987.  The  well  locations  and  site  layout  are  shown  in 
Figure  J-2.  Several  aquifers  have  been  identified  on  the  basis  of  hydrogeologic  and 
geophysical  data  collected  while  installing  these  wells.  These  aquifers,  B  through  E, 
represent  preferential  pathways  or  coarser-grained  layers  for  groundwater  flow.  The 
estimated  e.xtent  of  coarse-grained  units  is  presented  in  cross  sections  in  Chapter  4  of 
the  RI/FS  Report. 

A  generalized  conceptual  model  of  the  subsurface  is  shown  in  Figure  J-3.  The  model 
is  based  on  results  of  five  aquifer  tests  and  on  available  bydrogeoiogic  data.  CH2M 
HILL  performed  three  aquifer  tests  in  C  aquifer  wells  (MWC-3,  MWC-12,  and 
MWC-14)  in  August  1992  (CH2M  HILL,  October  1992).  Aquifer  tests  were  also 
performed  at  Well  MWD-12  and  MW-3  in  January  1993  (CH2M  HILL,  March  1993). 
Tfie  conceptual  model  incorp^/rates  heterogeneities  in  the  transmissivity  of  the  B  and 
C  aquifers  derived  from  the  varying  thicknesses  of  coarse-grained  materials  in  each 
aquifer.  The  approach  used  to  define  the  transmissivity  dstributtons  is  presented  in 
the  Capture  Zone  Evaluation  Section. 

Figure  J-4  shows  water  levels  measured  at  Monitoring  Wdl  Ouster  3  from  June  1992 
to  July  1993.  This  cluster  was  chosen  because  it  had  the  most  data  available.  Water 
levels  measured  in  the  B  and  C  aquifers  are  typically  within  0.05  foot  from  one 
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another  at  most  locations  at  the  site.  The  B  and  C  aquifers  appear  to  be  intercon¬ 
nected  aquifers  or  permeable  zones.  Figure  J-4  also  shows  that  water  levels  in  the  B 
and  C  aquifers  fluctuate  up  to  40  feet  in  6  months.  The  hydraulic  head  in  the  D  and 
E  aquifers  fluctuates  up  to  65  feet  within  6  months.  Also,  it  appears  that  the  vertical 
gradients  are  usually  downward  in  the  summertime  due  to  regional  agricultural  pump¬ 
ing  and  upward  in  the  wintertime  when  the  aquifer  is  recovering.  A  lack  of  long-term 
and  consistent  water  level  data  exists  for  the  site. 

Because  of  the  effects  of  agricultural  pumping  near  the  site,  groundwater  flow 
directions  and  flow  rates  within  aquifers  beneath  the  site  are  variable.  The 
wintertime  condition  is  characterized  by  northwesterly  groundwater  flow  in  the  B  and 
C  aquifers,  high  groundwater  levels  (30  to  40  feet  bis),  and  a  relatively  low  horizontal 
gradient  of  0.001  foot/foot.  Summertime  conditions  are  characterized  by  southerly 
groundwater  flow,  lower  groundwater  levels  (60  to  70  feet  bis),  and  a  signiOcantly 
steeper  horizontal  gradient  of  0.01  foot/foot.  Groundwater  contour  maps  are 
presented  in  Appendix  E. 

Contaminated  groundwater  has  been  detected  in  samples  from  B,  G,  D,  and  E  aquifer 
monitoring  wells.  A  summary  of  analytical  results  for  groundwater  samples  collected 
in  February  1993  (Radian,  1W3)  is  provided  in  Table  J-1.  These  results  are  the  basis 
for  the  target  areas  defined  in  the  next  section.  The  main  contaminants  are  VOCs,  of 
which  TCE  has  been  found  at  the  highest  concentrations.  Contamination  has  also 
been  detected  in  the  site  production  well  which  is  perforated  in  the  C  and  D  aquifers. 


Target  Areas 

Figures  J-5,  J-5a,  J-5b,  J-6a,  and  J-6b  show  the  target  areas  for  groundwater 
extraction.  They  are  the  areas  for  which  groundwater  should  flow  to  the  extraction 
wells  during  pumping.  The  four  target  areas  have  been  delineated  on  the  basis  of 
available  groundwater  flow  and  groundwater  quality  data.  The  target  areas  for  each 
aquifer  are  presented  in  Table  J-2.  These  target  areas  apply  to  the  aquifers 
previously  termed  by  the  International  Technolo^  Corporaticm  (ITC)  in  1992  as  the 
B,  C,  D,  and  E  aquifers  at  the  site.  In  this  memo,  the  terms  "B",  “C,  "D",  and  "E 
aquifers"  have  been  retained  for  convenience  in  discussion.  I^>wever,  these  zones 
may  not  be  laterally  continuous  across  the  site  and,  as  such,  may  ncn  be  correlatable 
stratigraphic  units.  Rather,  they  loosely  define  depth  zones  benrath  the  site.  The 
target  areas  approximately  encompass  the  area  in  which  contamination  has  been 
detected  throu^  the  July  1993  sampling. 

Water  quality  results  from  the  July  1993  sampling  indicate  that  contamination  has 
spread  in  the  C,  D,  and  E  aquifers.  However,  the  results  from  ^dittonai 
groundwater  modeling  indicate  that  extraction  rates  presented  within  this  appendix 
are  adequate  to  capture  the  expanded  target  areas  witlnn  the  C,  D,  or  E  aquifers. 
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Table  J-1 

EPA  8010/8020  Analytes  Detected  in  Febnuuy  1993 


Ar.alyte  Detected  («g,1) 

Well 

1,1-DCE 

cis-l,2-DCE 

Chloroform 

PCE 

TCE 

Vinyl 

Chloride 

1,1-DCA 

MW-1 

2.8 

24 

ND 

8.1 

27 

tarn 

ND 

MW-2 

24 

30 

ND 

34 

180 

ND 

ND 

MW-3 

49 

410 

ND 

350 

_ 

82 

ND 

MW-4 

ND 

.41 

.49 

.12 

fsam 

ND 

ND 

MW-5 

53 

ND 

ND 

350 

37 

ND 

ND 

MW-6 

ND 

ND 

ND 

1.6 

QQIIIIIIIIIII 

ND 

ND 

MW-7 

7 

24 

ND 

6.7 

70 

ND 

ND 

MW-8 

2.7 

2.6 

ND 

.33 

16 

ND 

.73 

MWB-1 

ND 

ND 

ND 

1.7 

5.8 

ND 

ND 

MWB-4 

ND 

ND 

ND 

.3 

ND 

ND 

ND 

MWB-11 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

MWB-13 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

MWB-14 

ND 

.53 

ND 

ND 

.95 

ND 

ND 

MWC-l 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

MWC-3 

ND 

.72 

1.4 

38 

21 

ND 

ND 

MWC-4 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

MWC-12 

ND 

ND 

ND 

1.1 

2.7 

ND 

ND 

MWC-l  3 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

MWC-14 

ND 

.5 

ND 

ND 

.32 

ND 

ND 

MWD-1 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

MWD-2 

ND 

ND 

ND 

.33 

.78 

ND 

IJQIIIIII 

MWD-3 

ND 

1.3 

ND 

26 

29 

ND 

ND 

MWD-4 

ND 

ND 

ND 

ND 

.28 

ND 

ND 

MWD-10 

ND 

.52 

ND 

ND 

6 

ND 

ND 

MWD-11 

ND 

ND 

ND 

ND 

.47 

ND 

ND 

MWD-12 

ND 

ND 

ND 

5.9 

13 

ND 

ND 

MWD-13 

ND 

ND 

ND 

ND 

1.2 

ND 

ND 

MWD-14 

ND 

.68 

ND 

.79 

15 

ND 

ND 

MWE-3 

ND 

ND 

ND 

ND 

.31 

ND 

ND 

Source:  Radian  1993. 

ND:  Not  Detected.  Data  qualifiers  are  not  shown. 
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Table  J-2 

Aquifer  Target  Areas 

Target  Area  (ft^) 

B  Aquifer 

C  Aquifer 

D  Aquifer 

E  Aquifer 

453,000 

649350 

969,000 

950,000 

Generally,  the  groundwater  contamination  concentrations  within  the  B  aquifer  are  the 
highest  at  the  site.  Groundwater  contamination  concentrations  generally  decrease 
with  depth  at  the  site. 


Groundwater  movement  is  slightly  upward  from  the  lower-lying  E  and  D  aquifers  to 
the  C  and  B  aquifers  at  the  site  during  the  wintertime  when  there  is  no  agricultural 
pumping.  Therefore,  a  tendency  for  downward  movement  of  contamination  during 
the  winter  months  does  not  exist.  Groundwater  moves  downward  during  summertime 
conditions  when  nearby  agricultural  wells  are  pumping  from  deeper  aquifers. 
Hydraulic  containment  of  the  groundwater  contamination  was  evaluated  for  both  the 
winter  and  .ummer  water  level  conditions. 


Capture  Zone  Evaluation 


Objectives 

The  objectives  of  the  groundwater  extraction  system  are  to: 

•  Hydraulically  capture  the  contaminated  groundwater  within  the 
established  target  areas  under  summertime  and  wintertime  flow 
conditions 

•  Create  or  maintain  upward  gradients  from  the  lower  aquifers  (D  and  E) 
to  the  upper  aquifers  (B  and  C)  at  the  target  area  boundaries  through¬ 
out  the  year 

Approach 

A  capture  zone  analysis  was  performed  to  determine  the  well  locations  and  extraction 
rates  that  hydraulically  contain  or  capture  groundv  '.r  within  a  target  area  for  a  wide 
range  of  groundwater  conditions.  Two  time  periods  were  selected  to  represent  typical 
extreme  groundwater  flow  conditions.  The  following  scenarios  were  evaluated  to 
determine  well  locations  and  extraction  rates  to  capture  groundwater  in  the  target 
areas  in  the  B,  C,  D,  and  E,  aquifers: 

•  Wintertime  Flow  Conditions  (March  1993):  High  water  level/flat 
horizontal  gradient/upward  vertical  gradient 

•  Wintertime  Flow  Condition  (March  1993)  with  reinjection 


I00I278B.RDD  (Ow«  Rt/FS) 


J-10 


-Jmm  trtt 


n00t412 
%S4  10 


SCALE  (Approximat«) 


250  FEET 


.2M 


RGURE  J-5 

BASE  FOR  TARGET  ARE/ 


OAVIS  GLOBAL  C0MMUN4CAT10NS  SH 
McCLBOAN  AIR  FORCE  BASE 
YOLO  COUNTY.  CALIFORNIA 


fWOl4l2^«1 

SOU.I0 


LEQENO 

9  QBOUNOWATER  MONfTOBINQ  WELL 


0  AQWFER  TCE  CONCENTOATWNS  (MQrtL  T«3 
•  samples  TAKEN  OLtRlNOOfllLUNO 


RGUREJ-€a 

D  AQUIFER  TARGET  ARE 

OAVIS  GLOBAL  COM^J^TONS  SI 
McClellan  air  tohce  base 

YOLO  COUNTY.  CALJf=<»»«A 


Summertime  Flow  Conditions  (July  1993);  Low  water  level/steeper 
horizontal  gradient/downward  vertical  gradient 


•  Summertime  Row  Conditions  (July  1993)  with  reinjection 

Extraction  well  locations  were  selected  from  modeling  calculations.  Actual  locations 
were  used  for  Extraction  Wells  EW-IB,  EW-2C,  EW-3C  EW-ID,  EW-2D,  and 
EW-3D. 


The  capture  zone  analysis  was  performed  using  the  steady-state  finite  element  model 
MicroFem  (Hemker,  et  al.,  1988).  The  steady-state  analysis  was  used  to  evaluate 
capture  for  winter  and  summer  groundwater  flow  conditions.  If  groundwater  capture 
can  be  obtained  for  the  extreme  conditions  of  winter  and  summer,  then  it  will  be 
obtained  for  intermediate  conditions.  Tlie  MicroFem  model  allows  up  to  four  layers 
and  can  incorporate  heterogeneous  transmissivities.  A  vertical  resistance  between 
each  layer  must  be  specified.  Four  layers  were  used  to  represent  the  B,  C.  D,  and  E 
aquifers.  Figure  J-3  shows  how  the  model  parameters  represent  the  conceptual 
model  of  the  subsurface.  The  finite  element  grid  dimensions  are  10,000  feet  by 
10,000  feet,  with  the  site  nearly  centered,  as  shown  in  Figure  J-7.  The  grid  consists  of 
2,186  nodes  and  4,318  elements.  The  node  spacing  ranee«  from  approximately  50  feet 
within  the  target  areas  to  500  feet  near  the  edge  of  the  grid. 

Transmissivity  estimates  for  each  aquifer  are  given  in  Table  J-3.  The  transmissivity  of 
the  B  aquifer  was  estimated  using  the  MW-3  aquifer  test  results  and  specific  capacity 
information  from  development  pumping  of  EW-IB.  The  transmissivity  distribution 
within  the  B  aquifer  target  area  and  within  500  feet  surrounding  the  target  area  was 
estimated  by  interpolating  measured  transmissivity  values.  Outside  of  this  area,  the 
transmissivity  of  the  B  aquifer  was  specified  to  be  1,000  ft Vday.  The  transmissivity 
values  range  from  100  to  1,000  ft‘/day  across  the  site. 


Table  J-3 

Aquifer  Transoiissivit;  Values  Used  in  Model 

Transmissivify  (fi^/day) 

3  Aquifer 

C  Aquifer  |  D  Aquifer 

E  Aquifer 

100  to  l.OtX) 

1,000  to  3.60f  2,200 

< 

5,0(X) 

The  C  aquifer  transmissivity  was  estimated  based  on  aquifer  test  results  and  results 
from  development  pumping  of  the  new  extraction  wells  EVv-lC,  EW-2C,  and  EW-3C. 
Tlie  transmissivity  distribution  of  the  C  aquifer  within  the  target  area  was  generated 
by  the  same  method  used  for  the  B  aquifer.  Outside  of  the  C  aquifer  target  area,  the 
transmissivity  was  set  at  2,250  ft^/day.  The  transmissivity  values  for  the  C  aquifer 
range  from  950  to  3,600  flVday  across  the  site. 

The  transmissivity  of  the  D  aquifer  was  set  equal  to  2,200  ft^/day  everywhere  in  the 
model  grid  based  on  aquifer  test  results  (CH2M  HILL,  March  1993).  The  trans¬ 
missivity  of  the  E  aquifer  was  set  equal  to  5,000  ft^/day. 
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Different  boundary  conditions  were  used  for  the  low  water  level  and  high  water  level 
scenarios.  The  contour  maps  of  water  levels  in  the  B,  C,  and  D  aquifers  in  March 
1993  (wintertime)  and  July  1993  (summertime)  are  attached  Water  levels  in  the  E 
aquifer  are  presented  for  the  July  period  because  of  additional  wells  installed  during 
April  and  May  1993.  The  boundary  conditions  were  selected  to  generate  similar  tlow 
conditions.  Figure  J-8  shows  the  boundary  conditions  applied  for  the  wintertinriC  and 
summertime  scenarios. 

Uncertainties 

The  main  uncertainties  in  the  numerical  model  are: 

•  Heterogeneities 

•  Vertical  resistance 

Limited  transmissivity  data  are  available  to  specify  how  transmissivity  variec  spatially 
at  the  site.  Heterogeneities  in  transmissivity  were  incorporated  using  lithologic 
information  as  discussed  in  the  previous  section.  The  vertiLal  resistance  between  each 
aquifer  was  specified  to  be  constant  throughout  the  grid.  The  simulation  results  are 
sensitive  to  the  value  input  for  vertical  resistance. 

Results 

Wintertime  Flow  Conditions 

Figures  J-9  through  J-12  present  the  simulation  results  for  the  wintertime  flow  condi¬ 
tions.  For  wintertime  flow  conditions,  extraction  well  pumping  was  simulated  at  one- 
third  the  rate  as  for  summertime  •'onditions  to  evaluate  if  capture  was  attained  for 
each  target  area.  The  simulated  pumping  rates  for  each  extraction  well  are  presented 
in  Table  J-4.  Pumping  rates  for  the  extraction  wells  were  estimated  based  on  devel¬ 
opment  pumping  results  for  the  B  and  C  aquifer  wells.  Pumping  rates  for  the  D  and 
E  aquifer  wells  were  estimated  based  on  transmissivity  values  for  each  respective 
aquifer. 
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Contours  of  groundwater  elevation  and  flowlines  to  each  extraction  well  for  the  B,  C, 
D,  and  E  aquifers  are  showm  in  Figures  J-9  through  J-i2.  Horizontal  capture  of  the 
target  areas  is  attained  with  the  pumping  shown  in  each  figure.  Horizontal  capture  is 
attained  if  all  of  the  groundwater  within  the  target  area  flows  to  an  extraction  well  or 
series  of  extraction  wells. 

Vertical  capture  was  also  evaluated.  The  goal  during  groundwater  pumping  is  to  have 
constant  upward  gradients  at  the  site  within  the  target  areas.  Upward  gradients  are  a 
natural  condition  during  the  period  from  about  October  through  April  at  the  site. 

The  most  critical  pjeriod  for  maintaining  upward  gradients  at  the  site  is  during  the 
summertime  when  natural  vertical  gradients  are  downward.  Vertical  capture  was 
evaluated  by  comparing  the  groundv/ater  elevations  of  each  respective  aquifer  at  the 
target  area  boundaries.  In  all  cases  with  the  given  pumping  conditions,  groundwater 
levels  were  lowest  in  the  B  and  C  aquifers,  suggesting  that  vertical  groundwater  move¬ 
ment  at  the  boundaries  will  have  a  tendency  to  flow  upward.  Upward  groundwater 
flow  will  prevent  downward  movement  of  contamination  at  the  site. 

Wintertime  Flow  Conditions  with  Reinjection  as  End  Use 

Reinjection  of  the  extracted  groundwater  beneath  the  site  is  being  considered  as  an 
end  use  alternative  for  the  treated  water.  Reinjection  of  the  total  amount  of 
extracted  groundwater  was  simulated  at  a  location  approximately  2,000  feet  south  of 
EW-IB  near  the  entrance  road  to  the  compound.  During  the  reinjection  simulation, 
water  was  only  injected  into  the  E  aquifer.  Three  injection  wells  were  simulated  in 
the  vicinity  of  the  entrance  road.  Total  injection  rates  of  200  to  275  gpm  were 
simulated.  Up  to  5  feet  of  groundwater  level  rise  occurred  near  the  reinjection  wells. 
However,  capture  of  groundwater  within  the  target  areas  was  not  affected  by  the 
mounding  of  groundwater  near  the  reinjection  wells  because  of  the  distance  between 
the  target  areas  and  the  reinjection  location.  Because  limited  site-specific  hydraulic 
information  is  available  at  the  reinjection  location,  considerable  uncertainty  exists 
regarding  the  actual  rise  of  water  levels. 

Summertime  Flow  Conditions 

Figures  J-13  through  J-16  show  that  groundwater  capture  is  obtained  for  summertime 
conditions  in  each  respective  target  area  by  pumping  each  extraction  well  with  the 
volume  given  in  Table  J-5.  Vertical  capture  is  obtained  at  the  target  area  boundaries 
as  well. 
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Table  J-S 

ELxtraction  Rates  Simulated  in  Modd  to  (MitaiB  Capture 
Summertime  Flow  Condittous 

Well  Name 

Extraction  Rate  (gpa> 

EW-IB 

65  to  JiO 

EW-2C 

60  to  100 

EW-3C 

40  to  50 

EW-4C 

100  tt>  150 

EW-ID 

80  -.0  100 

EW-2D 

50  to  60 

EW-3D 

80  to  100 

EW-IE 

100  to  12C 

EW-2E 

50  to  60 

Total 

625  to  820 

Simulations  were  performed  to  investigate  the  sensitivity  of  the  resulting  capture  zone 
to  the  total  amount  extracted  from  each  aquifer.  The  values  presented  in  Table  J-5 
represent  a  range  of  extraction  rates  which  are  likely  to  achieve  capture.  The 
simulations  show  that  capture  is  obtained  with  the  lower  range  of  flow  rates. 

However,  uncertainties  in  field  conditions  may  warrant  increased  extraction  from  any 
or  all  wells. 

Summertime  Flow  Conditions  with  Reinjection  ns  End  Use 

.The  reinjection  analysis  used  for  the  wintertime  was  repeated  for  the  summertime 
condition.  Three  injection  wells  were  simulated  in  the  vicinity  of  the  entrance  road. 
Injection  rates  of  200  to  210  gpm  were  simulated.  Up  t  )  12  feet  of  groundwater  level 
rise  occurred  near  the  reinjection  wells.  However,  capture  of  groundwater  within  the 
target  areas  was  not  affected  by  the  mounding  of  groundwater  near  the  reinjection 
wells  because  of  the  distance  between  the  target  areas  and  the  reinjection  location. 
Because  limited  site-specific  hydraulic  information  is  available  at  the  reinjection 
location,  considerable  uncertainty  exists  regarding  the  actual  rise  of  water  levels. 


Extraction  Optioas 

Groundwater  modeling  results  and  available  transmissivity  data  indicate  that 
contaminated  groundwater  in  the  B,  C,  D,  and  E  aquifers  within  the  target  areas  can 
be  captured  dunng  summertime  flow  conditions  by  extracting  a  total  of  625  to 
820  gpm.  The  wintertime  pumping  only  requires  2flS  to  275  gpm.  The  estimated 
mass  of  contamination  per  aquifer  is  shown  in  Table  J-6.  Over  IM  percent  of  the 
mass  of  contamination  is  estimated  to  reside  abofve  the  C-D  aquitard.  By  reducing 
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the  summertime  groundwater  extraction  from  625  to  820  gpm  to  265  to  380  gpm,  the 
simulation  results  show  that  over  85  percent  of  the  contaminant  mass  can  be 
captured.  Likewise,  the  extraction  rates  for  the  wintertime  can  be  reduced  from  205 
to  275  gpm  to  85  to  1 10  gpm.  The  feasibility  study  will  investigate  the  associated 
differences  between  extracting  groundwater  from  the  B  and  C  aquifers  versus  the  B, 
C,  D,  and  E  aquifers.  Table  J-7  gives  the  wintertime  and  summertime  flow  rates  per 
aquifer  to  obtain  capture. 


Table  }-6 

Estimated  Mass  of  Contaminatioa  with  Depth 

Aquifer/Aquitard  Name 
(Average  depth  bis  in  feet) 

Mass  of 
Contamination 
(•«) 

Percent 

Cumulative 

Percent 

Vadose  Zone  (0  to  40) 

45 

13.9 

13.9 

A/B  Aquitard  (40  to  65) 

64 

19.7 

33.6 

B  Aquifer  (65  to  95) 

82 

25.3 

58.9 

B/C  Aquitard  (95  to  1 15) 

51 

15.7 

74.7 

C  Aquifer  (115  to  !45) 

34 

10.5 

85.1 

C/D  Aquitard  (145  to  165) 

25 

7.7 

92.8 

D  Aquifer  (165  to  195) 

16 

4.9 

97.7 

D/E  Aquitard  (195  to  215) 

7 

2.2 

99.9 

E  Aquifer  (215  to  245) 

0.1 

0 

100 

Total 

324 

Table  J-7 

Estimated  Aquifer  Extractiea  Rates  (gpm) 

Aquifer 

Wintertime 

Sumnwrtime 

B 

20  to  25 

65  to  80 

C 

65  to  85 

200  to  300 

Total  B  and  C 

85  to  no 

265  to  380 

D 

70  to  90 

210  to  260 

E 

50  to  75 

150  to  180 

Total 

205  to  275 

625  to  820 

Additional  recommendations  for  seasonal  pumping  are  presented  in  the  Intermediate 
Remedial  Design  Report  for  the  Davis  Site  (CH2M  HEX,  May  1993).  According  to 
the  modeling  results,  a  total  of  six  additional  extraction  weUs  will  be  required:  one  in 
the  C  aquifer,  three  in  the  D  aquifer,  and  two  in  the  E  aquifer. 
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The  recommended  extraction  well  construction  details  are  shown  in  Figure  J-17. 
Conveyance  pipelines  will  be  required  from  the  wells  to  the  collection  area  or  treat¬ 
ment  plant  if  wellhead  treatment  is  not  used.  Additional  facilities  required  for  the 
extraction  system  are  pumps  in  the  wells  and  a  telemetry  control  system  from  the 
treatment  plant  to  the  extraction  wells. 


Operational  Requirements 

The  operational  activities  include  controlling  and  adjusting  the  extraction  rates,  moni¬ 
toring  water  levels  and  water  quality,  evaluating  data,  and  possibly  installing  additional 
extraction  wells.  The  operation  of  the  extraction  system  requires  data  evaluation  and 
decisions  throughout  the  year  and  during  the  life  of  the  project  because  of  the  chang¬ 
ing  water  levels,  groundwater  flow  directions,  and  management  objectives.  A  descrip¬ 
tion  of  the  system  control,  monitoring,  and  data  evaluation  activities  follows. 

System  Control 

The  extraction  rates  from  each  of  the  wells  need  to  be  measured  regularly.  Pumps 
should  be  selected  that  allow  for  variable  flow  rates.  Flow  rates  may  need  to  be 
adjusted  to  adopt  to  current  hydrogeologic  conditions  during  the  life  of  the 
remediation. 

Monitoring 

Both  water  level  and  water  quality  data  need  to  be  collected  once  the  system  is 
operating.  The  water  level  data  will  be  used  to  determine  if  groundwater  within  the 
target  area  is  being  hydraulically  captured.  The  water  quality  data  are  necessary  to 
characterize  the  influent  mass  contaminant  loading  to  the  treatment  facility  and  the 
reduction  in  contaminants  within  the  target  areas.  The  frequency  of  water  level 
measurements  and  water  quality  sampling  will  be  specified  in  the  waste  discharge 
requirements.  Recommended  frequencies  are  provided  below. 

After  the  system  is  initially  operated,  all  of  the  existing  monitoring  wells  not  being 
used  for  extraction  and  any  additional  water  level  measuring  points  should  be 
measured  weekly  for  a  period  of  2  months  before  the  data  evaluation  is  performed. 
Water  levels  should  be  measured  monthly  after  the  initial  2  months  and  when  the 
extraction  rates  are  kept  constant.  Water  levels  should  be  measured  weekly  for 
1  month  after  the  extraction  rates  are  adjusted  significantly  or  when  nearby 
agricultural  wells  begin  or  cease  pumping. 

Each  of  the  extraction  wells  should  be  sampled  memthiy  during  the  first  quarter  of 
operation.  A  composite  sample  from  all  extraction  wells  should  also  be  collected  if 
there  is  a  centralized  treatment  facility  rather  than  treatment  at  each  wellhead.  All 
samples  should  be  analyzed  for  VOCs  (EPA  Method  8010/8020).  After  the  initial 
quarter,  samples  should  be  collected  quarterly  and  analyzed  for  VOCs.  It  is  assumed 
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that  existing  monitoring  wells  at  the  site  will  continue  to  be  sampled  quarterly  under 
the  Groundwater  Sampling  and  Analysis  Program  (GSAP).  The  six  additional  extrac¬ 
tion  wells  should  be  added  to  the  GSAP. 

The  performance  of  the  extraction  system  will  be  evaluated  by  estimating  if  ground- 
water  within  the  appropriate  target  area  is  captured  horizontally  and  vertically. 
Horizontal  groundwater  capture  will  be  evaluated  by  preparing  contour  maps  of  the 
groundwater  elevation  in  the  B,  C,  D,  and  E  aquifers  using  all  existing  water  level 
data.  In  addition,  water  levels  at  selected  well  pairs  in  the  B,  C,  D,  and  E  aquifers 
will  be  compared  to  determine  if  there  is  inward  groundwater  movement  to  the 
appropriate  target  area.  Vertical  groundwater  capture  from  the  E  and  D  aquifers  to 
the  C  aquifer  will  be  evaluated  by  preparing  contour  maps  of  the  groundwater  eleva¬ 
tion  in  the  C,  D,  and  E  aquifers.  In  addition,  water  levels  at  selected  well  pairs  will 
be  compared  to  determine  if  there  is  upward  groundwater  movement  from  the  E  and 
D  to  the  C  aquifer  throughout  the  target  area. 

Table  J-8  presents  the  recommended  well  pairs  that  should  be  used  to  help  evaluate 
the  system’s  performance  for  horizontal  capture.  Five  B  aquifer  well  pairs  listed  in 
Table  J-8  will  be  used  to  evaluate  horizontal  capture  of  groundwater  in  the  B  aquifer. 
Eight  C  aquifer  and  seven  D  aquifer  well  pairs  will  be  used  to  evaluate  horizontal 
capture  of  groundwater  in  the  C  aquifer  and  D  aquifer,  respectively.  Three  E  aquifer 
well  pairs  will  be  used  to  evaluate  horizontal  capture  in  the  E  aquifer  if  an  additional 
monitoring  point  is  installed  in  the  location  shown  on  Figure  J-18.  Vertical  capture 
will  be  evaluated  using  eight  well  pairs  in  the  C  and  D  aquifers  and  two  well  pairs  in 
the  C  and  E  aquifers.  The  groundwater  movemem  should  be  upward  from  the  E  and 
D  to  the  C  aquifer. 


Table  J-8 

Recommended  Well  Pairs  for  Monitorin{  Horimnlal  Capture  (Summertime) 

(Water  level  in  first  well  should  be  higher  than  water  level  in  second  well) 

— 

- ! 

■■■■■■■ 

— 

1  B  Aquifer 

1  C  Aquifer 

1  D  Aquifer 

1  E  Aquifer  | 

MW- 19 

mmm 
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El 
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El 
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MW-8 

MWC-14 

MWC-3 

MWD-4 

MWD.14 

MWC-20 

MWC-12 

MWD-13 

MWD.3 

PC-21 

MWC-3 

MWD-10 

PC-22 

MWC-14 
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Data  Evaluation 

The  detailed  schematic  diagram  of  the  extractkai  system  operation  shown  in 
Figure  J-19  illustrates  the  importance  of  data  evafaiatxMi  in  meeting  the  management 
objectives  of  this  intermediate  remedial  action.  The  operate  of  the  treatment 
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facility  and  the  end  use  may  affect  the  extraction  rates.  For  example,  the  extraction 
rates  may  need  to  be  adjusted  if  the  mass  loading  to  the  treatment  system  is  too  high. 
At  a  minimum,  data  evaluations  will  be  performed  monthly  to  determine  if 
groundwater  within  the  target  area  is  being  captured  and  to  determine  if  the 
extraction  rates  should  be  adjusted.  The  analytical  data  will  be  evaluated  at  least 
quarterly  to  determine  if  the  target  area  or  treatment  systems  need  to  be  adjusted. 


Treatment  Requirements 

The  estimated  flow  rates,  initial  influent  concentrations,  and  initial  mass  loadings  to 
the  treatment  system  are  provided  in  Table  J-9.  The  mass  loadings  were  estimated 
on  the  basis  of  analytical  results  for  samples  collected  in  February  1993  and  use  of 
the  larger  flow  rates  presented  in  Table  J-5.  Actual  influent  concentrations  and  mass 
loading  will  not  be  known  until  the  extraction  wells  are  driUed  and  sampled,  and  final 
extraction  rates  are  known. 

Influent  concentrations  were  estimated  from  data  for  monitoring  wells  near  the  pro¬ 
posed  extraction  well  locations.  The  contaminant  concentrations  for  the  extraction 
wells  given  in  Table  J-9  were  estimated  from  the  nearest  groundwater  monitoring 
well. 

The  actual  time  required  for  aquifer  remediation  cannot  be  predicted  with  current 
information.  However,  it  is  anticipated  that  concratrations  may  decrease  exponen¬ 
tially  as  shown  in  Figure  J-20.  The  rate  of  ejqtonential  decrease  is  a  function  of 
chemical  retardation,  diffusion-limiting  processes  in  the  aquitards  and  aquifers,  and 
preferential  flow  paths  in  the  target  areas.  Figure  J-20  presents  two  theoretical 
curves  estimated  assuming  exponential  decay  with  flushing  factors  of  0.2  and  0.6, 
which  correspond  to  a  range  of  soil  properties  (fine-grained  to  coarse-grained).  The 
chemical  retardation  factor  for  TCE  at  the  site  was  estimated  to  be  1.4  (ITC,  1992) 
and  is  incorporated  in  the  theoretical  curves  below.  It  is  by  no  means  certain  that 
aquifer  cleanup  will  be  rapid;  it  should  be  expected  that  tlw  extraction  and  treatment 
system  will  be  in  operation  for  a  minimum  of  10  to  20  years. 

The  effluent  concentration  of  ail  VOCs  is  required  to  be  less  than  0.5  /tg/I.  The 
Regional  Water  Quality  Control  Board  and  Department  of  Toxic  Substances  Control 
recommend  that  for  groundwater  reinjection  the  effluent  concentration  of  inorganic 
constituents  be  similar  to  background  concentrations.  Available  back^otmd  water 
quality  data  are  summarized  in  Appendix  M. 
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FIGURE  J-20 
ESTIMATED  CHANGE  IN 
CONCENTRATION  IN  INFLUENT  VOC 


Reinjection  Limitations 


To  date,  limited  data  are  available  on  groundwater  quality  with  regard  to  inorganic 
constituents.  The  geochemical  considerations  for  treatment  will  be  revised  as  more 
data  becom.e  available.  Treatment  processes  directly  affect  the  quality  of  the 
extracted  groundwater,  especially  with  respect  to  dissolvaJ  oxygen  and  metals  concen¬ 
trations,  The  dissolved  oxygen,  and  particularly  metal  precipitates,  in  the  treated 
groundwater  could  present  a  potential  for  plugging  the  reinjection  wells. 

The  potential  problem  constituents  for  reinjection  are  caldum,  magnesium,  silica, 
manganese,  and  iron.  Treatment  processes  tend  to  elevate  the  pH  of  the  extracted 
groundwater,  causing  precipitation  of  metals  (iron  and  manganese)  and  of  calcium 
carbonate.  A  provision  in  the  treatment  process  should  be  made  to  accumulate  any 
precipitates  on  a  filter  before  reinjection  into  the  native  groundwater.  If  the  pH  of 
the  reinjected  water  is  stabilized  at  or  near  background  levels  (assumed  to  be  7.3  to 
8.0);  reaction  between  the  reinjected  and  in  situ  groundwater  and  between  the  rein¬ 
jected  groundwater  and  the  aquifer  mineralogy  should  be  minimized.  The  major  ion 
chemistry  of  the  in  situ  groundwater  and  the  treated  water  should  be  characterized 
before  any  reinjection  occurs.  Once  the  ion  chemistiy  is  known,  the  precipitation 
reactions  should  be  checked  using  a  thermodynamic  equilibrium  model.  TTte  equili¬ 
brium  modeling  will  identify  compounds  that  have  a  tendency  to  precipitate  under  the 
proposed  treatment  processes  and  conditions.  Recommendations  can  then  be  made 
to  identify  corrective  measures  for  potential  problem  precipitates. 
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PREPARED  FOR:  Davis  RI/FS  Report 

PREPARED  BY:  Alex  Rafalovich/CH2M  HILL,  Redding 

Sara  Monteith/CH2M  HILL,  Redding 

DATE:  September  9,  1993 

SUBJECT:  Hydrocarbon  Remediation  Options 

Davis  Global  Communications  Site 
Delivery  Order  5055 

PROJECT:  SAC28722.55.13 


Introduction 

This  technical  memorandum  summarizes  the  current  understanding  regarding  the 
nature  and  extent  of  petroleum  hydrocarbon  contamination  that  exists  at  the  Davis 
Global  Communications  Site  (the  Davis  Site),  along  with  possible  methods  that  could 
be  used  to  clean  up  the  contamination.  The  objective  of  this  technical  memorandum 
is  to  provide  McClellan  Air  Force  Base  and  the  regulatory  agencies  with  a  better 
understanding  of  tlte  r  mediation  options  available  to  reduce  the  concentrations  of 
hydrocarbons  in  soil  at  the  Davis  Site. 

Specifically,  this  technical  memorandum  focuses  on  two  different  remediation  options: 
(1)  bioventing,  where  in  situ,  aerobic  biodegradation  of  the  contaminants  is  accel¬ 
erated  by  managing  the  subsurface  supply  of  oxygen,  and  (2)  excavation,  where  the 
contaminated  soil  would  be  physically  removed  from  the  subsurface. 

Other  remedial  actions  will  also  be  needed  at  the  Davis  Site  to  clean  up  volatile 
organic  compounds  (VOCs)  from  the  vadose  zone  and  groundwater.  Potential 
actions  to  address  these  problems  are  evaluated  in  the  main  text  of  this  report  The 
impacts  that  these  other  remedial  actions  may  have  on  the  petroleum  hydrocarbon 
remediation  options  are  also  evaluated  in  this  technical  memorandum. 


History  and  Extent  of  Contamination 

The  petroleum  hydrocarbon  contamination  at  the  Dasns  Site  was  discharge  a  the 
soil  from  three  25,000-gallon  underground  fuel  storage  tanks  (UFSTs)  located  in  the 
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southeast  quadrant  of  the  site,  just  south  of  Building  4710  (Figure  K-1).  The  UFSTs 
were  used  to  store  diesel  fuel  for  the  generator  housed  in  Building  4710.  In  February 
1985,  approximately  52  cubic  yards  of  soil  overlying  the  UFSTs  was  removed  and 
found  to  be  saturated  with  petroleum  product.  The  pipelines  associated  with  the 
UFSTs  were  found  to  be  leaking,  and  the  exposed  tan^  showed  defonnatiun.  In 
May  1985,  a  replacement  20,000-gallon  above-ground  tank  was  installed  north  of 
Building  4710,  and  the  UFSTs  were  emptied.  In  December  1985,  investigations 
revealed  that  soils  adjacent  to  the  UFSTs  were  contaminated  with  hydrocarbons.  In 
May  1988,  the  UFSTs  were  removed,  and  the  excavation  was  backfilled  with  clean 
soil. 

Subsequent  investigations  have  been  performed  by  IT  Corporation  (ITC)  and  CH2M 
HILL  to  identify  ihe  extent  of  the  petroleum  hydrocarbon  contamination.  Figure  K-1 
shows  the  estimated  lateral  extent  of  the  petroleum  hydrocarbon  contamination  based 
on  the  results  of  these  investigations.  A  cross  section  through  the  former  tank  storage 
area  is  presented  in  Figure  K-2.  Included  in  this  figure  are  vertical  profiles  of  petro¬ 
leum  hydrocarbon  contamination  based  on  samples  coUecied  from  soil  borings  drilled 
in  1987  and  1992.  Based  on  the  figure,  there  are  two  primary  zones  of  contamination 
in  the  vertical  profile:  one  near  30  feet,  and  another  near  60  feet  below  land  surface 
(bis).  Also,  soil  gas  samples  taken  in  1992  from  Wei!  Ch-5  at  a  depth  interval  of 
28  to  38  feet  show  zero  percent  oxygen  (O2),  10  percent  carbon  dioxide  (CO,),  and  2 
percent  methane  (CH4),  indicatiiig  that  the  hydrocarbons  at  this  depth  have  sustained 
aerobic  and  anaerobic  degradation  in  the  past,  and  that  the  '-ontaminants  currently 
reside  in  anaerobic  conditions. 


Ex  Situ  Soil  Piles 

Two  areas  of  existing  soil  piles  have  been  identified  outside  the  Davis  Main 
Compound  southeast  of  Building  4710.  The  soil  piles  are  believed  to  have  originated 
during  the  removal  of  UFST’s;  however,  the  true  ori^  is  unknown.  The  soil  piles 
have  been  identified  as  the  northern  pile  and  the  eastern  pile.  These  piles  do  not 
appear  to  have  been  disturbed  since  their  placement;  however,  rodents  and  owls  have 
been  observed  burrowing  into  them.  The  eastern  and  ntwthem  piles  comprise 
approximately  560  and  320  cubic  yards,  respectively. 

A  total  of  14  soil  samples  were  collected  in  November  1992  from  the  soil  piles,  five 
from  the  north  pile  (NSP-IA,  -IB,  -2A,  -2B,  and  -3)  and  nine  from  the  east  pile 
(ESP-1  through  ESP-9).  Samples  were  obtained  using  a  hand  auger  to  drill  to  1  to 
2  feet  bis.  The  samples  were  analyzed  for  total  petn^eam  hydrocarbon  contamina¬ 
tion  using  EPA  8015  Modified  and  EPA  418.1  methods.  Lewis  of  diesel  contamina¬ 
tion  ranged  from  nondetect  to  586  mg/kg.  Results  are  presented  in  Appendix  U, 
Historical  Contaminant  Data. 
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A  Risk  Analysis  performed  bv  . acurrent  with  this  report  reveals  that 

the  soil  piles  do  not  pose  a.  ;  .  :  v  auman  health  or  the  environment. 

Currently,  the  piles  are  inh, , -o  o.  and  Borrowing  Owls.  Disturbance  to  the 

piles  to  expedite  aeratioi;  v.ui .  eause  more  harm  than  good  to  the  burrowing 

animals.  Therefore,  on  n  .  e  remediation  of  soil  piles  were  not  investigated. 


Current  Activities 

A  bioventing  treatability  study  is  being  conducted  by  Engineering-Science,  Inc.  (ESI) 
(ESI,  1993V  The  work  is  scheduled  to  be  completed  in  September  1994.  The  work 
will  include  the  following: 

•  Air  permeability  testing  to  determine  the  extent  of  the  subsurface  that 
can  be  oxygenated  using  one  air  injection  unit 

•  In  situ  respiration  tests  to  estimate  the  rate  at  which  soil  bacteria  biode¬ 
grade  the  hydrocarbons 

•  Operation  of  a  bioventing  pilot  test  system  over  an  extended  1-year 
period  to  help  assess  the  potential  long-tenn  effectiveness  of  a  biovent¬ 
ing  system  at  eliminating  the  petroleum  hydrocarbon  problem  from  the 
Davis  Site 

The  data  from  this  treatability  study  will  be  assessed  to  determine  if  a  full-scale 
bioventing  program  will  be  adequate  to  clean  up  these  soils.  Refer  to  the  ESI  Draft 
Bioventing  Pilot  Test  Work  Plan  (May  1993)  for  more  details  on  the  plans  for  the 
bioventing  treatability  study. 


Description  of  Cleanup  Options 

There  are  two  fundamental  options  evaluated  in  this  appendix  for  cleaning  up  the 
petroleum  hydrocarbon  contamination:  bioventing  and  excavation.  A  detailed  assess¬ 
ment  of  the  bioventing  option  at  the  Davis  Site  cannot  be  pcrfomicd  until  the  treat- 
ability  data  from  the  study  being  conducted  by  ESI  become  available.  Since  this 
information  is  not  available  at  this  time,  the  evaluation  of  bioventing  in  this  appendix 
relies  on  general  assumptions  from  histoncal  information  regarding  the  effectiveness 
of  bioventing  systems  at  remediating  diesel-contaminated  soils.  The  bioventing  evalu¬ 
ation  presented  here  will  provide  for  a  useful  comparison  with  the  excavation  option, 
but  may  need  to  be  updated  after  the  treatability  study  has  been  completed. 
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CROSS  SECTION  A-A' 

HORIZONTAL  SCALE:  r  .  U 
VERTICAL  SCALE:  T  .  KT 


PETROLEUM  HYDROCARBONS  (DIESEL) 
DETECTED  IN  BORING  CH-5  (mg/kg) 
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LEGEND 
CL  Lean  clay 

GC  Gravel  with  clay 

SC  Sand  with  clay 

SM  Silty  sand 

SP  Sand 


NOTES: 

1 .  Concrete  slab  exists  directly 
under  tanks.  Adjacent  to  tanks, 
where  slab  is  not  present 
excavation  occurred  down  to 
34-foot  depth. 

2.  Soil  descriptions  have  been 
simplified  from  original  bore 
logs  to  compensate  for 
discrepancies  in  classification. 


3000  mg/kg 


RGUREK‘2 
CROSS  SECTION  OF 
FORMER  UNDERGROUND 
STORAGE  TANK  AREA 

DAVIS  GLOBAL  COMMUNICATTOKn  STE 

McClellan  aia  force  base 

YOLO  COUNTY.  CALtFOTOflA 

I,,,,,..,.— — amHtu.  — 


Bioventing 


Figure  K-3  shows  the  layout  proposed  by  ESI  for  the  piiot-scaie  bioventing  study. 

The  configuration  of  the  fuil-scale  system  will  likely  be  similar  to  the  pilot  layout,  with 
the  potential  for  some  modifications  based  on  the  treatability  data  generated  from  the 
pilot-scale  study.  The  vent  well  (VW-1)  will  be  an  aff  injection  well  constructed  of 
4-inch  ID  Schedule  40  PVC  casing  with  an  interval  (rf  0.04-inch  slotted  screen  set 
between  the  initially  encountered  contamination  (approximately  20  feet  bis)  down  to 
the  base  of  contamination  (approximately  60  feci  dc^).  The  vapor  monitoring 
points  (VMP-1  and  VMP-2)  are  multi-completion  we&  designed  to  monitor  the  verti¬ 
cal  variation  of  oxygen,  carbon  dioxide,  and  methane  to  help  estimate  the  rate  of 
biodegradation  of  the  diesel  fuel.  The  existing  soil  vapor  monitcmng  well,  CH-5,  will 
also  be  used  as  a  monitoring  point  for  the  bioventing  program.  The  reader  is 
referred  to  the  ESI  Work  Plan  for  more  detail  on  the  system  construction  (ESI, 

1993). 

The  bioventing  project  would  be  run  using  an  appn^xiately  sized  blower  to  continu¬ 
ously  inject  air  through  Well  VW-1.  The  size  of  the  bk>wer  will  be  determined  after 
the  pilot-scale  testing  has  been  completed.  In  situ  lesfmation  tests  will  be  conducted 
on  at  least  a  semi-annual  basis  to  estimate  the  rate  of  biodegradation  of  the  diesel 
fuel.  These  tests  will  involve  shutting  off  the  air  injection  blower  and  monitoring  the 
rate  of  oxygen  depletion  and  carbon  dioxide  generatioa  at  the  vapor  monitoring 
points.  This  data  can  then  be  used  to  estimate  biodegr^iation  rates  (Hinchee  and 
Ong,  1992). 

The  rate  of  biodegradation  that  will  occur  during  a  tnoventing  operation  cannot  be 
estimated  at  the  Davis  Site  until  the  pilot-test  treatafaii^  data  are  in.  However,  his¬ 
torical  experience  at  other  sites  with  diesel  fuel  coBtaannation  has  shown  biodegra¬ 
dation  rates  ranging  anywhere  from  0.2  to  20  mg/k^day  (Hinchee  and  Ong,  1992). 
The  cost  of  implementing  a  full-scale  bioventing  program  is  also  difficult  to  accurately 
estimate  at  this  time.  Previous  experience  indicates  costs  ranging  from  $10  to  $20  per 
cubic  yard  of  contaminated  soil.  The  Davis  Site  has  approximately  7,000  to 
9,000  cubic  yards  of  soil  contaminated  with  diesel  hid,  leading  to  a  rough  total  cost 
estimate  ranging  ffom  $70,000  to  $180,000  to  implement  a  fuU-scaie  bioventing  system 
at  the  Davis  Site. 

Excavation 

The  excavation  option  can  be  divided  into  three  components: 

1.  Excavation  of  contaminated  soil 

2.  Hauling  and  placing  contaminated  soil 

3.  Placement  of  clean  fill  in  excavation 
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The  location  of  the  area  that  most  likely  requires  aecavatktn  is  a  square,  approxi¬ 
mately  120  feet  per  side  (shown  in  Figure  K-3).  Based  on  available  contamination 
data,  the  excavation  should  be  approximately  60  feet  deqj.  Given  these  dimensions, 
the  amount  of  material  to  be  excavated  is  approKmaately  32,000  cubic  yards.  It  is 
believed  that  a  concrete  slab  is  located  at  a  depth  of  20  feet  in  the  vicinity  of  the 
former  tank  location.  Specialized  excavation  equipment  may  be  required  to  break 
through  and  remove  this  slab. 

Because  this  area  has  structures  and  roads  nearby,  k  is  assumed  that  the  excavation 
will  have  vertical  walls.  The  walls  will  be  suppiortcd  with  H-f^es  "tied  back"  with 
anchors,  and  shoring  between  the  piles.  Existing  underground  utilities  and  structures 
would  need  to  be  located,  and  the  design  of  the  excavation  should  accommodate 
them. 

It  is  anticipated  that  the  excavation  will  extend  af^snadmatefy  20  feet  below  the 
groundwater  table,  and  will  therefore  require  ccMBtractkm  dewatering  for  the  deepest 
portions.  (Depth  to  groundwater  in  this  area  is  vahabte,  but  a  depth  of  40  feet  below 
the  ground  surface  is  a  reasonably  average  value.) 

The  excavation  must  be  performed  in  accordance  state  and  federal  safety  guide¬ 
lines,  such  as  those  provided  by  the  Occupational  S^ety  and  Health  Act,  29  CFR, 

Part  1926.  In  addition,  because  the  material  being  removed  from  the  excavation  is 
considered  to  be  hazardous,  additional  safety  reqinrenients  may  be  imposed  on  this 
construction.  It  is  likely  that  all  workers  will  be  reqaired  to  have  40  hours  of  hazard¬ 
ous  waste  training,  and  that  workers  in  the  excavatioR  will  need  respirators  or  sup¬ 
plied  air. 

For  this  estimate,  it  was  assumed  that  the  contamnated  soil  would  be  hauled  and 
stockpiled  onsite,  and  that  remediation  would  be  accomplished  through  aeration  of 
the  contaminated  soil.  A  hauling  distance  of  1,000  feet  was  used  for  cost-estimating 
purposes.  It  was  also  assumed  that  the  stockpiled  soil  would  be  no  greater  than 
10  feet  in  height  with  2:1  (horizontahvertical)  slopes.  The  area  required  for  this 
stockpile  would  be  a  square  approximately  320  per  side. 

The  shoring  and  H-piles  would  be  left  in  place  wtea  the  excavation  was  backfilled,  as 
there  would  be  no  way  to  safely  remove  them.  If  the  excavation  were  no  longer 
dewatered,  crushed  rock  or  some  other  material  that  does  not  require  compaction 
should  be  used  to  bring  the  excavation  above  the  water  table.  If  dewatering 
continued  during  backfilling,  any  clean  fill  materiai  could  be  used.  Backfill  should  be 
placed  using  specified  compaction  requirements  to  awamm  potential  settlement. 

It  is  estimated  that  the  time  required  to  complete  excavating,  hauling  and  placing,  and 
refilling  the  excavation  is  approximately  6  montis.  During  this  time,  the  construction 
activities  may  adversely  affect  site  operations  or  other  remedial  activities.  The  esti¬ 
mated  cost  of  completing  the  excavation  option,  gnea  the  assumptions  provided 
above,  is  approximately  $2,846,000. 
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Comparison  of  Cleanup  Options 

The  comparison  between  the  bioventing  and  excavation  options  is  done  by  describing 
how  each  option  would  likely  perform  with  respect  to  nine  evaluation  criteria 
presented  in  EPA’s  guidance  document  for  conducting  feasibility  studies  (U.S.  EPA, 
1988).  These  nine  criteria  are: 

1.  Overall  Protection  of  Human  Health  and  the  Environment -How  will  the  two 
options  offer  long-term  protection,  and  how  are  they  different  in  achieving  this 
level  of  protection? 

2.  Compliance  with  ARARs-How  does  each  option  comply  with  applicable  or 
relevant  and  appropriate  requirements  (ARARs)? 

3.  Long-Term  Effectiveness  and  Permanence— What  would  be  the  residual  risks 
that  remain  after  completing  the  remedial  action? 

4.  Reduction  of  Toxicity,  Mobility,  or  Volume  through  Treatment -This  criterion 
addresses  the  statutory  preference  for  using  treatment  as  a  means  to  perma¬ 
nently  reduce  toxicity,  mobility,  and  volume.  The  question  asked  under  this 
criterion  is:  How  does  each  option  use  treatment  to  address  the  contamina¬ 
tion? 

5.  Short-Term  EfTectiveness-What  significant  short-term  impacts  will  the  imple¬ 
mentation  of  the  cleanup  options  have  at  the  site,  including  impacts  to  nearby 
communities  and  onsite  workers? 

6.  Implementabillty-How  easily  can  th&  cleanup  option  be  implemented  given 
technical  and  administrative  constraints  that  exist  at  the  site? 

7.  Cost -How  much  does  the  cleanup  option  cost? 

8.  State  Acceptance -Will  the  state  welcome  the  cleanup  option? 

9.  Community  Acceptance -What  are  the  concerns  that  the  public  may  have  with 
respect  to  the  cleanup  option? 

Table  K-l  discusses  the  expected  performance  of  bioventing  and  excavation  with 
respect  to  each  of  these  criteria. 
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Table  K-l 

Fjcpccled  Perfonnaoce  of  the  Bioveniias  aad  EacaratiM  Cleamf  OpUoaa 
with  Ke&pcct  to  EPA’s  Nine  Evataatlaa  Criteria 

Critehoa 

Bioventioc 

Excavation 

— 

Overall  Protection  of 
Human  Health  and 
the  Environment 

By  providing  exiating  micro-organisnis  with  an 
environment  that  allows  them  to  break  down  the 
contamination,  bioventing  could  virtually  clin- 
nate  the  threats  posed  by  the  contamination. 
However,  treatability  data  still  need  to  be 
obtained  to  demonstrate  that  biovcnting  can 
work  at  the  Davis  Site  within  an  accepuMe  time 
frame. 

By  phi'sicaity  removing  the  contaminated  soil 
from  the  subsurface,  the  threat  posed  to  the 
groundwater  resource  would  be  eliminated. 
However,  new  threats  may  arise  depending 
on  how  the  conuminated  soil  is  handled.  It 

It  is  allowed  lo  aerate  in  piles  onsite,  access 
will  need  to  be  restricted  to  minimize 
exposure  of  humans  and  animals  lo  the  soil. 

Compliance  with 
ARARs 

Bioventing  will  only  be  implemented  if  the  treaa- 
ability  data  indicate  that  it  can  comply  with  aB 
chemical-specific  ARARs.  The  biovesting 
system  would  be  designed  to  comply  with  ah 
location-  and  action-specific  ARARs.  No 
waivers  are  anticipated. 

An  excavation  option  would  be  designed  to 
comply  with  all  ARARs.  It  is  not  known 
what  ARARs  may  be  associated  with  the 
placement  of  clean  fill  maleiial  below  the 
grour.duater  table.  Because  the  excavation 
opiioa  does  not  appear  feasible  from  a  cost 
perspectne.  the  ARARS  were  not 
investigated. 

Long-Term 

Effectivenesa  and 
Permanence 

Bioventing  may  biodegrade  up  to  90  pertest  of 
the  total  in  situ  mass  of  diesel  fuel.  This  may 
leave  10  percent  of  the  mass  still  in  the  ground. 
Trealabiltty  data  will  be  used  to  mote  aocumefy 
estimate  the  expected  percent  depadalkm  at  the 
Oavis  Site.  A  full-scale  biovenling  system  would 
only  be  implemented  if  the  estimated  risk  pa«d 
by  this  residual  conumination  is  kiw  enough  to 
be  acceptable  to  the  regulatory  agencies. 

Excavation  could  poiertially  remove  nearly 
all  of  the  subsurface  contamination.  There 
may  still  be  residual  risks  associated  with  the 
excavated  soil,  in  particular  if  the  soil  is 
altcwed  to  sente  in  piles  onsite.  Most  resid¬ 
ual  risks  would  be  minimized  by  handling 
and  innsporiing  the  soil  in  compliance  with 
aU  ARARs.  Risks  related  to  the  subility  of 
the  stockpiled  soil  would  be  minimized 
though  design. 

Reduction  of 

Toxicity,  Mobility, 
and  Volume  through 
Treatment 

Bioventing  satisfies  the  statutory  preference  for 
reducing  toxicify,  mobility,  and  volume  through 
treatment,  since  the  contamination  is  euenbatty 
subject  to  "bioireatment,*  where  the  ctmtamma- 
tion  is  rendered  less  toidc.  less  mobile,  ind 
occupies  less  volume  due  to  biodegnHUuoa. 

Treatment  is  not  a  pan  of  the  excavation 
option  diacussed  in  this  document.  No 
loxiaty,  mobility,  or  volume  reductions 
would  occur  through  treatment. 

Short-Term 

Effectiveneu 

The  vvelis  used  (or  the  pikx  study  would  also  be 
used  for  the  full-scale  syMeia.  minimumg  the 
need  (or  additional  constriKlion.  Some  nome 
may  be  generated  by  the  continuous  operMion  of 
the  blower  unit,  but  this  impact  is  no(  oiperied 
to  be  significant. 

Significam  short-term  impacts  would  be 
created  the  excavation  option.  The  exca¬ 
vation  require  large  eanhwork  equipment  on 
sdc  for  up  to  h  months.  This  work  would 
have  the  potential  to  interfere  with  other 
onsite  hOivities.  In  addition,  a  large  60- 
fooi-deep  hole  would  be  crested  temporarily 
onsite  during  the  removsl  irf  the 
coniammsled  soil. 

ImplemenUbility 

The  technology  is  readily  available  to  iapfeamnl 
biovcnting.  In  addition,  ihe  subsiaatne  pnriwmi 
of  any  pennitting  requirements  can  be  meL  'Hie 
real  question  is:  Given  the  conditions  M  the 

Davis  Site,  can  the  biovcming  techaotogy  be 
effective  at  treating  the  diesel  fuel?  The  snswsr 
lo  this  question  will  not  be  knoum  uald  the 
treatability  study  is  completed. 

The  excavation  option  would  be  very 
chaHenging  to  implement  at  the  Davis  Site. 

The  ouawation  would  be  deep  (nO  feet  or 
more),  and  would  inevitably  require  shoring. 

In  addition,  the  accavalion  would  need  lo 
occur  adjacent  to  or  extend  under 

Building  4710,  thus  requiring  e«n  caution 
lo  avoid  building  damage.  Oewatering  of  the 
cxcavsiioa  will  be  needed.  All  of  these  prob¬ 
lems  can  be  addreued.  and  excavaiioa  is 
technicatty  impleawauMe,  but  with  high 
effort  and  oorrenponding  coal.  especiaUy 
when  compared  to  a  bioveatiac  system  that 
smrkSL 
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TaUeK-l 

Ex|>eclc4  Perfomiaace  M  the  Blaventtiig  and  Excavattoo  Cieaini|i  OfUoat 
•ith  Respect  la  EPA's  Nine  Evdaation  Criteria 

Crilcrioa 

Biovealiiig 

Excavalioa 

Cost 

Based  on  historic  cosa  ranging  from  SIO  to  S20 
per  cubic  yard,  the  bioveating  option  would  cost 
between  S70.000  and  S180.0QO. 

Estimated  occavaiion  cosu  is  $2,850,000  for 
the  Davis  Site. 

State  Acceptance 

Before  a  fuii-scaie  bioventing  sytieia  is  impie- 
mented,  the  sute's  appnwai  wouid  be  obtained. 
State  approval  of  this  system  wiU  be  contingent 
on  the  results  of  the  ueaubiiity  study. 

At  this  time,  iio  impediments  have  been 
identified  to  obtaining  sute  approval  for  the 
excavation  optiM. 

Community 

Acceptance 

Ccrnmunicy  acceptance  of  a  bioventing  system 
would  also  likely  depend  mi  the  resulu  of  the 
treaubilicy  study. 

Community  acceptance  of  the  excavation 
option  is  uncenain^at  this  time,  and  wiil  be 
more  well  defmed  after  we  public  comment 
period  for  this  RI/FS  report. 

Impact  of  Other  Remedial  Activities  on  the  Cleanup  Options 

Other  remedial  actions  are  being  considered  at  the  Davis  Site  to  clean  up  ground- 
water  using  pump  and  treat  technology,  and  to  clean  up  VOCs  from  the  vadose  zone 
using  soil  vapor  extraction.  These  remedial  activities  may  impact  to  some  extent  the 
petroleum  hydrocarbon  remedial  action.  These  potential  impacts  are  summarized  in 
matrix  form  in  Table  K-2. 


Summary 

Bioventing  and  excavation  were  considered  as  the  two  possible  methods  for  cleaning 
up  the  petroleum  hydrocarbon  contamination  at  the  Davis  Site.  A  full  evaluation  of 
bioventing  cannot  be  completed  until  data  from  the  bioventing  treatability  study  being 
performed  by  ESI,  have  been  analyzed.  However,  hi.storical  data  for  similar  contami¬ 
nant  and  soil  types  indicate  that  bioventing  may  be  a  very  promising  cleanup  option. 
The  excavation  cleanup  option  would  be  costly  and  difficult  to  implement  at  the 
Davis  Site  because  of  the  extreme  depth  of  excavation  required  and  the  close  proxi¬ 
mity  of  buildings  to  the  excavation  site. 

Other  remedial  actions  are  being  considered  at  the  Davis  Site  to  address  VOC  con¬ 
tamination  in  the  vadose  zone  and  groundwater.  There  will  inevitably  be  interactions 
between  these  remedial  actions  and  the  petroleum  hydrocarbon  remedial  action. 
Careful  planning  during  the  remedial  design/remedial  action  stage  at  the  Davis  Site  is 
therefore  necessary  to  coordinate  all  of  these  different  remedial  actions. 
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Tabk  K.2 

Impacl  of  Gronodwolcr  uti  Vadat*  Zone  AcUom  on 

Petrolcom  llydrocariwa  CIe«aw)i  Options 

G  roundwaler'VtidoM 
Zooe  Action 

Impact  of  AcUen  on  Ptiroleitm  Hydrocarben 

Cleanup  Options 

Bk>veolinj( 

Excavalioo 

Groundwater  Pump  and 
Treat 

Pumping  of  groundwater  may  lower  the 
water  table,  increasing  the  vcnical  depth 
over  which  biovcntmg  can  occur.  Also, 
pumping  may  decrease  the  magnitude  of 
water  tabic  fluctuation  over  a  year. 

Personnel  operating  btoventing  syxlem  may 
need  to  be  trained  in  safely  issues 
associated  with  the  nearby  operation  of 
groundwater  pump  and  treat  equipment. 

Excavation  equipment  would  need  to  be 
handled  carefully  to  avoid  damaging  any  of 
the  pump  and  treat  equipment  (e.g..  wells, 
conveyance  lines,  treatment  plants). 

Personnel  operating  and  overseeing  the 
cxcavatioo  may  need  to  be  trained  in  safety 
ssues  associated  with  nearby  operation  of 
groundwater  pump  and  treat  equipment. 

Ideally,  the  excavation  would  be  completed 
before  beginning  the  pump  and  treat  system. 

Soil  Vapor  Extraction 
(SVE) 

A  soil  vapor  extractioa  system  may  impcct 
the  airflow  direction  and  magnitude  within 
the  area  of  diesel  fuel  conumination.  This 
could  be  a  net  benefit,  if  the  oxygen 
supplied  by  the  SVE  system  is  high  enough 
to  eliminate  or  reduce  the  need  for  a 
separate  blower  for  the  biowenting  system. 

Airflow  modeling  should  be  performed  to 
assess  the  adequacy  of  the  air  flow  induced 
by  the  SVE  system  for  the  btovcnting  site. 

Excavation  equipment  would  need  to  be 
handled  carefully  to  avoid  damaging  any  of 
the  soil  vapor  extraction  equipment  (e.g.. 
wells,  conveyance  lines,  treatment  plants). 
Personnel  operating  and  overseeing  the 
excavation  may  need  to  be  trained  in  safety 
issues  associated  with  nearby  operation  of 

SVE  equiprent. 

Ideally,  the  ocavalion  would  be  completed 
before  beginning  the  SVE  system. 

In  situ  resptraiion  testing  may  require  the 
SVE  system  he  shut  ofl  to  obuin  icliabic 
oxygen  depletion  estimates. 
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Purpose  and  Scope 

Cleanup  options  are  being  considered  at  the  Davis  site  to  remove  subsurface  VOC 
contamination  from  the  vadose  zone  and  groundwater.  Contaminated  air  streams 
may  be  generated  as  a  result  of  implementing  these  cleanup  options:  A  soil  vapor 
extraction  system  will  inevitably  generate  contaminated  gas;  additionally,  contaminated 
offgases  may  be  generated  from  an  air  stripper  that  is  designed  to  clean  the  ground- 
water.  These  air  streams  will  require  treatment  to  remove  the  contaminants.  This 
memo  evaluates  and  compares  possible  options  that  could  be  used  to  treat  the  air- 
stream. 


Assumptions  Used  in  the  Offgas  Treatment  Evaluation 

Vadose  zone  airflow  modeling  indicates  that  four  soil  vapor  extraction  wells  pumping 
at  an  average  flow  rate  of  50  scfm  each  are  needed  to  capture  and  remove  the  VOC 
contamination  from  the  vadose  zone  (refer  to  Appendix  I).  Air  from  the  four  extrac¬ 
tion  wells  shall  be  manifolded  to  yield  one  vapor  stream.  The  vapor  stream  is 
assumed  to  contain  contaminants  at  the  concentrations  listed  in  Table  L-1.  These 
concentrations  are  based  on  the  most  recent  sampling  ffbm  vapor  monitoring  wells  at 
the  site.  The  flow  rate  of  the  combined  stream  is  4  x  50  =  200  scfm.  Modeling  per¬ 
formed  in  Appendix  I  suggests  that  the  VOC  contamination  in  the  soil  would 
probably  be  adequately  cleaned  up  within  a  time  frame  of  10  years. 

The  flow  rate  could  increase  by  an  additional  5,000  scfm  if  an  air  stripper  is  selected 
as  part  of  the  groundwater  treatment  option.  In  addition,  an  air  stripper  system 
would  probably  be  in  operation  for  a  period  of  time  far  greater  than  the  10  years  esti¬ 
mated  to  cleanup  the  vadose  zone  (potential  operation  time  up  to  30  years).  The 
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evaluation  of  the  treatment  options  will  initially  be  based  on  the  200  scfra  flow  and 
5-year  operating  period;  offgas  treatment  costs  will  be  scaled  up  appropriately  to 
reflect  the  increased  flow  and  operation  time  should  an  air  stripper  be  used. 


Technology  Descriptions 

There  are  four  contaminated  gas  treatment  technologies  evaluated  in  this  memo; 

(1)  electron  beam  technology  (EBT),  (2)  catalytic  oxidation  (CatOx),  (3)  gas  phase 
carbon  adsorption  (GAC),  and  (4)  synthetic  resin  adsorption  (Purus),^  This  section  ♦ 
provides  bnef  descriptions  of  each  of  these  technologies. 

Electron  Beam  Technology 

Electron  beam  technology  (EBT)  has  been  extensively  used  in  medical  applications 
for  over  50  years;  however,  its  use  as  a  remediation  technology  for  organic  contami¬ 
nated  gases  is  in  its  infancy.  The  gas  stream  to  be  remediated  is  subject  to  a  ray  or 
beam  of  electrons  generated  by  an  electron  beam  generator.  The  electrons  release 
small  but  intensive  quanta’s  or  concentrated  pockets  of  energy  into  the  gas  stream 
creating  free  ladicals  such  as  hydroxyl  and  hydrogen  radicals.  The  free  radicals  initi¬ 
ate  a  series  of  chain  .oxidation  reactions  that  oxidize  the  chlorinated  and 
nonchlorinated  compounds  into  their  completely  mineralized  forms  such  as  HQ,  HF, 
COj.  and  NO^.  Intermediates  such  as  phosgene  may  be  generated  in  negligible  con¬ 
centrations  as  a  result  of  irradiation. 

Chemical  oxidation  reactions  in  the  E-beam  equipment  take  place  at  near  ambient 
temperature  and  pressure.  The  limited  literature  search  conducted  did  not  reveal 
commercial  installation  of  EBT  units  that  treat  contaminated  gas  streams.  Results  of 
bench-scale  tests  conducted  on  SVE  gases  with  similar  contaminants  indicated  that 
Destruction  Removal  Efficiencies  (DREs)  for  most  organic  compounds  (except  Freon 
113  and  1,1,1-TCA)  ranged  from  60  to  99  percent;  most  species  were  reduced  to 
below  detection  limits.  Overall  DREs  of  87  percent  plus  were  achieved  for 
nonmethane  hydrocarbons.  DREs  for  Freon  113  and  1,1,1-TCA  were  found  to  be 
significantly  lower  than  overall  DREs.  Preliminary  results  show  that  with  the  use  of 
promoters  (oxidants)  a  substantial  improvement  in  DREs  was  observed;  however,  the 
quantity  of  promoters  to  be  used  has  not  yet  been  optimized. 

Catalytic  Oxidation 

The  halogenated  and  nonhalogenated  VOCs  exiting  the  air-water  separator  can  be 
catalyticaliy  oxidized  to  complete  products  of  combustion,  namely  COj,  HjO,  and 
HQ,  in  a  catalytic  oxidizer  (CatOx).  The  SVE  air  stream  flows  from  the  positive  dis¬ 
placement  blowers  to  a  burner,  where  it  is  heated  to  approximately  600“F.  The 
airstream  is  then  passed  through  a  catalyst  bed,  which  initiates,  promotes,  and 
accelerates  VOC  oxidation.  The  catalyst,  without  itself  being  altered,  significantly 
reduces  the  oxidation  activation  energy,  thus  allowing  the  oxidation  reaction  to  occm^ 
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at  much  lower  temperatures  than  would  be  required  with  conventional  thermal 
oxidation. 

Since  oxidation  is  an  exothermic  reaction,  it  heats  up  the  exiting  gases  as  well  as  the 
catalyst  bed.  The  exhaust  gas  stream  temperature  from  the  catalytic  oxidation  cham¬ 
ber  would  be  approximately  840®?.  Natural  gas  flow  rates  will  be  controlled  to  limit 
catalyst  bed  temperatures  to  approximately  840“F  to  protect  the  catalyst  from  being 
sintered.  Although  oxidation  system  vendors  guarantee  only  a  standard  95  percent 
destruction  efficiency  for  organic  vapors,  based  on  performance  history  for  similar 
streams,  the  actual  destruction  efficiency  is  estimated  to  be  over  99  percent. 

One  of  the  chief  advantages  of  a  CatOx  system  is  that  DREs  of  greater  than 
95  percent  can  be  achieved  for  all  the  compounds  of  concern.  A  disadvantage  is  that 
CatOx  systems  including  packed-bed  and  fluidized  bed  systems  which  generate  CO2, 
NOjp  and  HCl.  NO^  generation  is  an  exponential  function  of  temperature  and 
becomes  significant  at  temperatures  higher  than  1,800*F.  Since  catalytic  oxidizers 
operate  only  at  about  600* F  to  900®F,  NO,  generation  would  be  negligible  in  this 
case.  If  a  CatOx  system  is  implemented  at  this  site,  HCl  emissions  from  the  unit  are 
estimated  at  0.48  Ib/hr;  this  is  significantly  below  the  RCRA  level  of  4  IbAir. 

Therefore,  additional  post-treatment  such  as  scrubbing  of  the  gases  is  not  anticipated. 

A  shell  and  tube  (or  plate  and  frame)  heat  exchanger  can  be  used  to  recover  waste 
heat  from  CatOx  systems.  However,  in  this  case,  the  flow  rate  is  too  low  to  warrant 
the  use  of  a  heat  exchanger. 

Gas  Phase  Carbon  Adsorption 

Activated  carbon  is  the  most  popular  conventional  adsorbent  for  the  removal  of  most 
organic  vapors  from  the  air.  Carbon  is  used  in  two  basic  types  of  air  purification 
systems,  regenerative  and  nonregenerative.  Regenerative  refers  to  a  process  by  which 
the  adsorbed  contaminants  are  removed  hrom  the  activated  carbon  onsite,  so  that  the 
carbon  may  be  utilized  over  and  over  again  as  an  adsorbent  If  a  system  is  nonregen¬ 
erative,  the  carbon  medium  must  be  removed  and  discarded  or  sent  to  the  factory  for 
reactivation  on  a  periodic  basis,  as  the  carbon  becomes  saturated  with  the  adsorbed 
contaminants. 

The  SVE  gas  flow  rate  from  this  site  is  expected  to  be  extremely  low  for  onsite  regen¬ 
erative  carbon  adsorption  process  to  be  cost-effective.  Therefore,  it  was  not  consid¬ 
ered  in  this  evaluation.  The  nonregenerative  carbon  adsorption  process  would  have 
been  cost-effective  at  this  site;  however,  just  as  in  the  case  of  the  Padre  system,  vinyl 
chloride  and  methane  are  poorly  adsorbed  by  carbon.  Therefore,  the  gases  exiting 
the  carbon  system  would  have  to  be  further  treated  by  technologies  such  as  catalytic 
oxidation  to  achieve  DREs  greater  than  95  percent  for  vinyl  chloride  and  methane. 
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Synthetic  Resin  Adsorption 


The  Purus  PADRE  (Purus  Adsorption  Desorption  Remediation  Equipment)  process 
is  essentially  similar  to  a  conventional  carbon  adsorption  system  with  the  exception 
that  the  adsorbing  matrix  can  be  conveniently  and  economically  regenerated  several 
times  onsite.  Additionally,  the  adsorption  matrix  has  a  relatively  higher  adsorption 
capacity  and  hydrophobicity. 

Typically  gases  contaminated  with  organics  are  introduced  into  the  Purus  system 
through  a  series  of  proprietary  synthetic  resin  beds.  The  organic  contaminants  are 
adsorbed  on  the  beds,  and  the  resulting  contaminant  lean  gas  (hereafter  referred  to 
as  the  primary  effluent  gas  stream)  is  vented  to  the  atmosphere.  When  the  beds 
reach  their  maximum  effective  adsorption  capacity,  the  gas  stream  is  diverted,  on  an 
automatically  pretimed  basis,  to  a  similar  series  of  adsorption  beds  that  are  plumbed 
parallel  to  the  saturated  beds. 

Meanwhile,  the  saturated  offline  beds  are  subjected  to  a  desorption  cycle.  During  this 
process  the  resin  beds  are  heated  to  volatilize  the  adsorbed  organic  contaminants  and 
thus  regenerate  the  beds  for  reuse.  The  beds  are  heated  by  noncontact  heat  tracing 
cables  evenly  distributed  within  the  bed  supports.  Approximately  7  to  16  bed  volumes 
of  an  inert  carrier  gas  (nitrogen)  are  recycled  through  the  desorbing  bed.  Nitrogen 
serves  as  an  inert  carrier  medium  to  hold  and  move  the  organic  contaminants  from 
the  adsorbing  medium  and  also  cools  the  beds  for  the  subsequent  adsorption  cycle. 
Upon  completion  of  desorption,  the  beds  are  cooled  to  ambient  temperature 
noncontact  heat  exchanger  coils  that  circulate  a  heat  transfer  fluid  such  as 
DOWTHERM.  The  heat  transfer  fluid  is  cooled  in  a  noncontact  fintube  heat 
exchanger  by  an  induced  air  fan. 

The  nitrogen  gas  saturated  wkh  organic  contaminants  is  passed  through  a  chiller  con¬ 
denser  system  where  the  gaseous  contaminants  are  condensed  out  as  liquids.  The 
contaminant-lean  nitrogen  gas  (hereafter  refereed  as  the  secondary  effluent  gas 
stream)  is  typically  discharged  to  the  atmosphere. 

In  the  adsorption  beds,  a  negligible  quantity  of  halogenated  compounds  may  hydro¬ 
lyze  in  the  presence  of  moisture  to  halogenated  acids  such  as  hydrochloric  acid.  The 
concentration  of  hydrochloric  acid  emitted  as  a  result  of  hydrolysis  has  not  been  mea¬ 
sured  and  is  therefore  unknown;  however,  reaction  kinetics  and  process  conditions  at 
the  site  would  not  be  conducive  for  the  formation  of  appreciable  quantities  of  the 
respective  acids  and  would  not  be  of  concern  in  this  case. 

The  adsorption  resin  is  known  to  have  very  little  affinity  for  vinyl  chloride  and  meth¬ 
ane;  hence,  as  the  bed  comes  in  contact  with  other  organic  compounds,  it  will  have  a 
tendency  to  displace  the  vinyl  chloride  that  it  had  already  adsor^d  and  replace  it 
with  heavier  utolecular  weight  compounds  such  as  UUl-'TCA.  Therefore,  the  removal 
efficiency  of  the  Purus  system  ^th  respect  to  vinyl  chloride  and  methane  is  expected 
to  be  relatively  low  and  would  therefore  not  be  effective^  treated.  Hence,  the 
effluent  gas  stream  from  the  Purus  system  will  have  to  be  treated  using  oxidation 
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technologies,  such  as  catalytic  oxidation,  to  oxidize  methane  and  vimi  chloride  emis¬ 
sions. 


Technology  Evaluation 

The  technologies  were  evaluated  based  on  10  important  criteria  relevant  to  ju-stity 
implementation  of  the  technologies.  These  criteria  are  listed  ami  described  below; 

Destruction  Removal  EfTiciency  (DRE) 

DRE  ;;  the  single  most  imponant  characteristic  of  a  remediaikMi  technology.  It  is 
typically  expressed  as  a  percentage  and  is  computed  as  follows: 

Mass  of  component  in  Mass  of  componetitl 
feed  stream  ~  exiting  stack  ] 

,  *  ItMJ 

Mass  ofcomponent  in  Teed  stream 


Operating  Costs 

The  operating  costs  reflect  the  maintenance  and  reliability  of  a  system.  Operating 
costs  are  annual  recurring  costs  and  include  all  costs  associated  with  day-to-day  opera¬ 
tion  and  routine  and  nonioutine  maintenance  of  the  unit.  Components  of  the 
operating  costs  are: 

•  Expendables ■‘COiX  of  replacement  materials.  Le.,  carbon  for  carbon 
adsorption,  adsorption  resin  for  Purus  PADRE,  and  catalyst  for  catalytic 
oxidation. 

•  Fuel  and  utilities -cost  of  process  water,  cooling  water,  eleciricity,  com¬ 
pressed  air,  and  fuels. 

•  Labor- costs  associated  with  the  manual  opermion  and  maintenance  of 
the  unit. 

•  Maintenance -cost  of  maintenance,  including  ost  of  replacenients  parts 
for  auxiliary  equipment  (such  as  compressors,  huts,  etc.). 

•  Residuals  disposal -cost  of  disposal  of  residual  coBtaminants  such  as 
condensed  solvents  (in  the  case  of  Purus),  scrubba  biowdown,  etc. 
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Capital  Costs 


In  order  for  a  technology  to  be  cost-effective,  the  capital  and  operating  costs  should 
be  low.  Capital  costs  included  here  are  those  costs  associated  with  original  equip¬ 
ment,  including  the  cost  of  process  control,  and  auxiliary  units. 

Status  of  Development 

A  system  or  technology’s  track  record  is  usually  reflected  by  the  degree  to  which  the 
remediation  method  is  considered  proven  commercial  technology.  Innovative  technol¬ 
ogies  obviously  would  not  have  a  track  record,  and  hence  predicting  their  reliability 
and  performance  is  difficult. 

Feed  Variability 

Owing  to  the  ambiguous  characteristics  of  SVE  gases,  the  system  should  possess  the 
ability  to  respond  to  abrupt  changes  in  flow  and  concentrations. 

Problem  Compounds 

These  are  compounds  for  which  the  destruction/removal  efficiencies  achieved  by  the 
system  do  not  meet  the  desired  performance  objectives. 

Reliability 

This  term  refers  to  the  system’s  consistency  and  safety  during  operation.  For 
instance,  a  system  that  needs  frequent  shutdowns  cannot  be  considered  reliable. 

Durability 

Refers  to  the  typical  useful  life  of  a  piece  of  equipment. 

NO^CO,  Emissions 

Refer  to  the  additional  NO^  and  CO,  emissions  associated  with  the  application  of  the 
technology. 

Residual  Generation 

Some  technologies  may  remove,  destroy,  or  contain  the  contaminants  of  concern  but, 
they  may  generate  other  unwanted  residuals  that  will  need  eventual  disposal. 
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Screening  Methodology 


The  weighted  sum  method  was  used  to  screen  the  options.  This  method  is  a  quantita¬ 
tive  method  for  screening  and  ranking  the  remediation  options.  It  provides  a  means 
of  quantifying  the  important  and  relevant  criteria  to  help  evaluate  cost-effective  offgas 
remediation  technologies.  This  method  involved  four  steps: 

•  Listing  of  the  most  important  criteria  in  terms  of  treatment  effectiveness 
and  costs. 

•  Assigning  of  weights  (W)  of  0  to  20  for  each  of  the  criteria  in  relation 
to  its  importance.  For  instance,  the  criterion  "overall  destruction 
efficiency"  was  considered  very  important  by  the  technology  selection 
task  force,  while  "durability"  was  of  relatively  minor  importance.  There¬ 
fore,  the  former  was  given  a  weight  of  20  and  the  latter  was  given  a 
weight  of  5. 

•  Ranking  (R)  of  each  technology  (option)  based  on  a  scale  of  0  to  10, 
against  each  criteria.  The  justification  for  the  ranks  was  based  on 
information  compiled  for  each  technology,  as  summarized  in  Table  L-2. 

•  Finally,  multiplying  the  rank  of  each  option  for  a  particular  criteria  by 
the  weight  of  the  criteria  (WR).  The  option’s  overall  rating  was 
determined  by  each  technology’s  weighted  rankiitg  (i.e.,  £WR)  with  the 
first  rank  being  assigned  to  the  technology  that  received  the  maximuni 
weighted  sum  (i.e.,  2WR).  The  option  ranking  matrix  is  provided  in 
Table  L-3. 


Results  of  Screening 

DRE  was  considered  to  be  the  most  important  criterion  for  selecting  the  technology 
to  be  implemented  onsite.  Catalytic  oxidation  was  clearly  the  best  in  this  category 
with  expected  DREs  for  ail  compounds  of  concern  at  >99  percent. 

While  other  technologies  can  achieve  the  same  level  of  efficiency  for  most  com¬ 
pounds,  they  have  trouble  with  some  compounds.  For  example,  both  carbon  and 
Purus  adsorption  systems  are  relatively  ineffective  with  respect  to  removal  of  methane 
and  vinyl  chloride. 

Preliminary  bench-scale  results  indicate  that  while  EBT  could  successfully  reduce  most 
organic  species  to  below  detection  levels,  its  DRE  with  respect  to  compounds  like 
1,1,1-TCA  and  Freon  was  less  than  60  percent.  However,  with  the  use  of  promotors, 
the  DRE  for  the  above  compounds  was  increased  to  ovw  98  percent  Since  the  effi¬ 
ciency  of  this  technology  with  use  of  promotors  has  not  3fet  been  optimized,  it  was 
ranked  close  to  but  lower  than  catalytic  oxidation  in  this  catqory. 
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The  capital  cost  of  carbon  adsorption  units  ($19,800)  was  estimated  to  be  the  least 
expensive  choice,  followed  by  EBT  ($66,000),  CatOx  ($67,000),  and  Purus  PADRE 
($160,600).  The  electron  beam  technology  was  estimated  to  have  the  highest 
operating  cost  ($79,000  per  year);  the  high  operating  cost  is  attributed  to  the  cost  of 
promotor  chemicals  required  to  reduce  the  concentration  of  important  chemicals  such 
as  1,1,1-TCA  and  Freon  113  to  the  desired  levels.  Sufficient  optimization  of  promo¬ 
tor  dosages  has  not  yet  been  completed;  it  is  estimated  that  these  dosages  may  sig¬ 
nificantly  decrease  as  a  result  of  additional  process  optimization  related  to  the  com¬ 
mercial-scale  development  of  this  technology.  The  operating  costs  for  Purus  PADRE 
and  carbon  adsorption  systems  were  estimated  to  be  $76,000  and  $21,500  per  year, 
respectively.  The  operating  costs  estimated  for  Purus  and  carbon  do  not  reflect  the 
additional  costs  that  will  be  incurred  to  treat  and  reduce  vinyl  chloride  and  methane 
to  the  desired  levels.  The  operating  cost  for  the  CatOx  unit  was  estimated  at 
$28,000/yr. 

Status  of  development  was  given  significant  importance  in  selecting  the  technology 
because  it  was  the  best  measure  of  the  system’s  overall  performance,  including  its 
track  record  for  consistently  achieving  high  desired  DREs,  providing  relatively  mainte¬ 
nance  free  and  safe  operating  conditions.  Additionally,  it  provides  a  wider  choice  of 
vendors  to  select  from.  Carbon  adsorption  and  CatOx  were  ranked  high  in  this  cate¬ 
gory  since  these  technologies  are  well  established  and  have  been  around  for  several 
years.  PADRE  and  EBT  were  given  lower  rankings  for  this  category  since  they  are 
fairly  new  applications. 

Other  criteria  such  as  reliability,  durability,  residual  compounds,  NO^.  and  CO,  emis¬ 
sions  were  used  to  judge  the  appropriat  mess  of  the  technology  in  the  same  manner; 
the  results  of  the  evaluation  (see  Table  L-3)  are  based  on  the  information  provided  in 
Table  L-2. 


Impacts  on  the  Evaluation  if  an  Air  Stripper  is  Used 

The  offgas  flow  rate  from  the  stripper  is  estimated  at  5,000  sefin  Le.,  25  times  more 
than  the  flow  rate  of  the  SVE  gas  stream.  The  unit  that  is  desisted  to  handle  the 
stripper  offgas  system  will  be  adequate  to  handle  the  SVE  gas  stream.  The  charac¬ 
teristics  of  the  stripper  off-gas  and  the  corresponding  organic  mass  'loading  on  the 
pollution  control  equipment  that  will  be  used  to  treat  the  gases  arc  given  in 
Table  U4. 
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Table  L-4  | 

Characteristics  of  Strip|Mf  Offgas  | 

Compound 

Concentration 

(ppm) 

Mass  Loading 
(pph) 

VC 

0.175 

0.(X)9 

PCE 

0.144 

0.021 

TCE 

0.362 

0.041 

cis-l,2-DCE 

0.056 

0005 

1.1-DCE 

0.067 

0.006 

Total 

0.062 

The  estimated  concentrations  of  the  organic  compounds  in  the  stripper  offgas  are 
relatively  low.  The  control  efficiency  of  adsorption  technologies  is  not  considered  to 
be  effective  in  the  lower  ppm  range;  catalytic  oxidation  is  the  only  demonstrated 
technology  that  is  considered  to  be  relatively  more  effective  in  the  lower  ppm  ranges. 
Yet  another  criterion  in  disfavor  of  adsorption  systems  is  their  relative  ineffectiveness 
in  containing  or  treating  vinyl  chloride.  Electron  beam  technology  as  mentioned 
earlier  can  be  an  effective  treatment  technology  but  has  not  yet  been  demonstrated 
on  a  commercial  scale. 

The  capital  and  installed  costs  of  a  catalytic  oxidation  unit  capable  of  handling 
5,000  scfm  of  the  above  gas  stream  are  estimated  at  $450,000  and  $700,000, 
respectively.  The  annual  operating  cost  is  estimated  at  $180,000/yr.  The  HCl,  COj, 
and  NO,(  emissions  generated  from  treating  the  SVE  and  stripper  offgases  are 
estimated  at  0.54,  300,  and  2  Ib/Ttr.  respectively. 

Although  the  operating  costs  for  catalytic  oxidation  systems  is  one  of  the  lowest 
among  the  technologies  evaluated,  its  relative  consumption  of  energy  (natural  gas)  at 
the  site  for  treating  a  gas  stream  with  a  low  contaminant  concentration  and  high  flow 
rate  is  relatively  high.  Additionally,  oxidation  of  natural  gas  produces  COj  and  NO,;. 
Therefore,  it  is  advised  that  other  groundwater  treatment  technologies  that  do  not 
transfer  the  contaminants,  especially  vinyl  chloride,  into  the  air  be  pursued. 


Recommendations  and  Conclusions 
Case  1;  Treatment  of  SVE  Gases  (200  scfm)  Only 

Our  research  discovered  only  one  vendor  currently  testing  EBT  for  remediating  con¬ 
taminated  gases.  The  operational  and  maintenance  problems  associated  with  this 
equipment  are  unknown  due  to  lack  of  historical  information  on  this  system.  Owing 
to  lack  of  concrete  evidence  of  the  prototype’s  reiiabili^  and  performance 
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characteristics  (especially  with  respect  to  1,1,1-TCA),  this  techno'ogy  is  not  currently 
recommended  for  this  site.  This  technology  has  great  potential  and  is  being 
vigorously  pursued  by  its  vendors  to  be  prototyped  and  tested.  Therefore,  it  may  be 
reconsidered  at  the  time  of  final  selection  of  the  remediation  technology. 

Since  PADRE  cannot  be  used  as  a  stand  alone  technology,  the  overall  capital  and 
operating  costs  associated  with  achieving  a  DRE  of  +95  peiceni  for  all  organic  con¬ 
taminants  (i.e.,  including  methane  and  vinyl  chloride)  would  be  exerbitant  for  remedi¬ 
ating  SVE  gases  at  this  panicular  site.  Therefore,  PADRE  is  not  recommended. 

Carbon  adsorption  suffers  from  the  same  problem  as  PADRE  (i.e.,  vinyl  chloride  and 
methane  would  require  additional  treatment  to  reduce  their  concentrations  by  95  per¬ 
cent  plus).  The  necessity  for  additional  equipment  would  render  carbon  adsorption 
unattractive  for  implementation  at  McClellan  AFB. 

CatOx  units  have  been  demonstrated  successfully  on  similar  streams  and  have  proved 
that  they  can  achieve  over  99  percent  DRE  for  all  of  the  compounds  of  concern. 
Owing  to  its  overriding  advantage  with  respect  to  achieving  DREs,  its  relatively 
reasonable  capital  and  0«feM  costs,  and  its  established  track  record  in  terms  of  reli¬ 
ability  and  durability,  this  system  is  recommended  for  implesnemation  at  the  site. 

In  this  context,  it  is  noted  that  except  for  Well  5,  vinyl  chlmide  and  methane  were 
conspicuously  below  detection  levels  in  other  wells.  Tlie  methane  presence  could  be 
attributed  to  the  diesel  contamination  (in  the  Well  5  zone)  wbid)  is  tyrpically  a  healthy 
environment  for  biological  activity.  Enhanced  biological  activity  could  also  be  the 
reason  for  the  presence  of  some  vinyl  chloride  that  could  be  generated  as  a  biological 
degradation  product  of  other  chlorinated  solvents.  Additimiallf,  based  on  the  histori¬ 
cal  information  from  other  sites,  vinyl  chloride  concentrations  drop  below  detection 
limits  with  about  4  to  8  weeks  of  continuous  erctraction  of  SVE  gases. 

Given  this  scenario,  a  marginally  more  cost-f*ffective  approach  would  be  to  remediate 
offgases  with  a  rental  catalytic  oxidation  unit  (at  approximately  S5,00(Vmonth  for  a 
250-scfm  unit)  for  a  period  of  2  months,  and  then  replace  the  unit  with  a  permanent 
carbon  adsorption  system.  This  approach,  however,  assumes  that  releasing  methane 
(without  treatment)  to  the  environment  is  acceptable  to  regnteoiy  agencies. 

Case  2:  Treatment  of  SVE  Gases  (200  scfm)  and  Str^ier  Offgas 
(5,000  scfm) 

Given  the  potential  for  a  continued  presence  of  vinyl  chloiide  (at  a  concentration 
level  below  what  is  observed  now)  in  the  stripper  offgas,  caialytic  oxidation  is  the 
most  suitable,  effective,  and  demonstrated  technology  for  this  case.  The  HQ  emis¬ 
sions  from  the  CatOx  unit  are  estimated  at  0.54  Ib/hr,  which  is  kiwer  than  the  RCRA 
allowed  limit  of  4  Ib/hr.  The  additional  CO^  and  NO^  emianos  are  estimated  at  300 
and  2  Ib/hr,  respectively. 
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Puqjose  and  Scope 

The  purpose  of  this  technical  memorandum  is  to  set  forth  a  preliminary  description 
and  evaluation  of  options  for  treatment  of  contaminated  groundwater  within  the 
Davis  Global  Communications  Site  (Davis  Site)  in  Sacramento,  California.  The  treat¬ 
ment  options  considered  include  air  stripping,  liquid-phase  carbon  adsorption,  and 
advanced  ultraviolet  (UV)  oxidation. 

Cost  estimates  for  these  technologies  were  developed  and  are  also  presented  in  this 
technical  memorandum.  The  cost  estimates  have  been  developed  to  describe  treat¬ 
ment  plant  installed  capital  costs  and  operation  and  maintenance  (O&M)  costs  with¬ 
out  projectwide  contingencies.  These  estimates  are  intended  to  be  assembled  with 
other  capital  and  O&M  costs  for  other  project  components  and  adjusted  with  project¬ 
wide  contingencies  and  allowances  when  assembled  together.  Detailed  cost  sheets  are 
appended  to  this  technical  memorandum. 


Background 

During  the  remedial  investigation  of  the  Davis  Site,  the  groundwater  oelow  the  site 
was  found  to  be  contaminated  with  chlorinated  volatile  organic  compounds  (VOCs). 
Several  aquifer  zones  were  identified  at  the  site  as  B,  C,  D,  and  E.  The  B  aquifer  is 
the  shallowest  aquifer.  The  D  and  E  aquifers  are  considered  regional  aquifers 
because  most  of  the  agricultural  pumping  in  the  vicinity  of  the  site  draws  water  from 
these  aquifers. 

The  two  upper  zones,  the  B  and  C  aquifers,  are  the  most  contaminated  In  the 
D  and  E  aquifers,  only  trichloroethene  (TCE)  had  concentrations  abtwe  the  federal 
maximum  contaminant  levels  (MCLs).  The  TCE  concentrations  were  orte  order-of- 
magnitude  greater  than  the  MCLs.  To  prevent  the  Itighly  contaminated  groimdwater 
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of  the  B  and  C  aquifers  from  migrating  downward  or  outward  from  the  site,  it  will  be 
extracted,  treated,  and  sent  to  end-use.  Two  target  volumes  to  be  treated  were  evalu¬ 
ated  for  the  treatment  costs. 

Groundwater  Flows 

The  first  target  volume  (TV  1)  is  the  combined  groundwater  from  the  B  and  C 
aquifers.  The  second  target  volume  (TV  2)  is  the  combined  flow  of  all  the  aquifers 
(B,  C.  D,  and  E).  Table  M(a)-1  presents  the  groundwater  flows  from  the  two  target 
volumes. 


Table  M(a)-1 

Treatment  Plant  Groundwater  Fbiw< 

Target 

Volume 

Aquifers 

Flow 

(gr»> 

1 

Combined  flow  (B  and  C) 

380 

2 

Combined  flow  (B,  C,  D,  and  E) 

820 

f  ince  the  contaminant  concentrations  in  the  D  and  E  aquifers  are  minimal,  they  will 
not  significantly  increase  the  effort  needed  to  remediate  tbe  B  and  C  aquifers. 
However,  the  flow  rate  to  the  treatment  system  differs  significantly  between  the  two 
target  volumes  and  will  generate  different  treatment  costs. 

Groundwater  Contaminant  Concentrations  and  Treatment  Goals 

The  treatment  influent  contaminant  concentrations  for  eadj  target  volume  are  pre¬ 
sented  in  Table  M(a)-2.  The  main  contaminants  in  regards  to  public  health  are  TCE, 
tetrachloroethene  (PCE),  1,1-dichloroethene  (1,1-DCE),  vinyl  chloride  (VCL),  and 
cis-l,2-dichloroethene  (cis-l,2-DCE).  The  treatment  objective  is  to  treat  the  ground¬ 
water  concentrations  of  any  individual  VOC  to  less  than  or  equal  to  0.5  ^g/1,  which  is 
defined  as  a  nondetect  concentration.  Benzene  has  been  detected  at  two  wells  within 
TV  2,  but  the  expected  influent  concentration  to  the  treatment  plant  is  well  below  the 
treatment  objective. 

The  concentrations  are  lower  for  TV  2  than  for  TV  1  because  of  dilution  from  the 
added  groundwater  flow  of  the  D  and  E  aquifers. 
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Table  M(a)-2 

Contaminant  Levels  and  Treatment  Obj« 

!ctive 

Contaminant 

Groundwater  Concentratioa 

Treatment  Objective 
inS/i) 

1  Target  Volume  1  | 

TCE 

215.0 

S0.5 

PCE 

108.0 

SO.5 

1,1-DCE 

29.6 

SO.5 

cis-1.2-DCE 

247.9 

SO.5 

Vinyl  Chloride 

49.6 

S0.5 

Benzene 

0.6 

SO.5 

Target  Volume  2 

TCE 

106.3 

£0.5 

PCE 

50.2 

£0.5 

1.1-DCE 

13.7 

£0.5 

cis-ifl-DCE 

115.0 

£0.5 

Vinyl  Chloride 

23.0 

£0.5 

Treatment  Option  Descriptions 

Three  treatment  options  will  be  considered:  (1)  air  stripping,  (2)  liquid-phase 
activated  carbon,  and  (3)  advanced  UV  oxidation.  Figure  M(a)-1  illustrates  each 
treatment  option.  The  following  sections  describe  each  option. 

Option  A— Air  Stripping 

This  technology  uses  air-water  contacting  towers  to  promote  transfer  of  contaminants 
from  the  water  into  an  airstream.  This  airstream  is  directed  into  an  offgas  treatment 
system,  which  is  discussed  in  Appendix  L,  Vadose  2^ne  Treatment  Options.  The 
system  includes  fiberglass-reinforced  plastic  (FRP)  stripping  towers,  centrifugal  fans  to 
force  air  through  the  system,  duct  heaters  to  lower  the  relative  humidity  of  the 
effluent  airstream  to  the  offgas  treatment  system,  acid  wash  systems  to  periodically 
clean  the  packing  of  precipitated  solids,  and  FRP  ducting  to  convey  and  disperse  the 
air. 

Water  treatment  using  air  stripping  will  be  effective  in  removing  all  the  listed  contam¬ 
inants  to  a  certain  degree  depending  on  the  contaminants  volatility.  The  design  and 
treatment  capability  of  an  air  stripper  is  dependent  on  the  least  volatile  contaminant 
concentration  and  the  treatment  objective.  TV  1  can  be  treated  using  a  »n^e  tower 
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of  approximately  7.5  feet  in  diameter,  and  25  feet  in  height  is  required  to  reach  the 
treatment  objective.  TV  2  can  also  be  treated  using  a  single  tower  of  the  same  dia¬ 
meter,  but  the  height  of  the  tower  is  approximately  30  feet. 

Option  B~Liquid*Phase  Carbon  Adsorption 

This  technology  uses  direct  contact  of  the  contaminated  water  with  activated-carbon 
to  promote  adsorption  of  contaminants  onto  the  carbon  and  removal  from  the  water- 
stream.  The  systems  are  skid-mounted  modular  units,  consisting  of  two  carbon  vessels 
on  each  skid.  Each  skid  is  capable  of  treating  up  to  approximately  700  gpm.  Skids 
come  complete  with  pressure-rated  vessels  designed  for  up  to  75  psig. 

Carbon  treatment  of  contaminated  water  will  typically  remove  most  of  the  contami¬ 
nants  present  to  cO.5  /ig/1  using  the  vessels  in  parallel  and  series.  Periodic  carbon 
regeneration  is  required  and  is  accomplished  by  removing  the  carbon  from  the  vessel, 
hauling  it  to  a  regeneration  facility,  and  heating  it  in  a  furnace  to  a  temperature 
which  evaporates  and  incinerates  the  adsorbed  contaminants.  The  regenerated 
carbon  is  then  reused. 

For  TV  1,  one  skid  is  necessary  to  accommodate  the  flow  from  the  B  and  C  aquifer. 
For  T  v'  2,  two  skids  are  required  for  the  higher  flow. 

Option  C -Advanced  UV  Oxidation 

This  technology  uses  a  chemical  reagent  and  UV  light  to  oxidi?.e  the  contaminants 
identified  at  the  Davis  Site  into  nonhazardous  species.  The  reagent  used  is  aqueous 
solutions  of  hydrogen  peroxide.  The  advanced  UV  oxidation  system  components 
include  a  hydrogen  peroxide  storage  tank  and  metering  pump  and  a  reaction  chamber 
with  multiple  contact  cells  which  mix  the  wastewater  with  small  amounts  of  hydrogen 
peroxide  in  the  presence  of  UV  light.  The  system  requires  power  for  UV  lamps  and 
periodic  offloading  of  hydrogen  peroxide  to  the  storage  facility. 

Treatment  to  nondetect  levels  can  be  accomplished  with  these  units  through  the  resi¬ 
dence  time  and  peroxide  dose.  For  TV  1,  it  is  assumed  one  UV/peroxide  oxidation 
modular  system  is  required  to  achieve  the  treatment  objective.  For  TV  2,  one  laiger 
UV/peroxide  oxidation  modular  system  is  required.  Case  studies  involving  UV 
oxidation  are  included  in  Attachment  M(a)-4. 


Option  Evaluation  Criteria 

The  options  were  evaluated  on  the  basis  of  four  important  criteria  relevant  to  justify 
implementation  of  the  options.  The  criteria  are  listed  and  described  as  follows: 
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Status  of  Development 


The  option’s  track  record  is  usually  reflected  by  the  degree  to  which  the  remediation 
method  is  considered  proven  commercial  technology.  Innovative  technologies 
obviously  would  not  have  a  track  record  and  hence  predicting  their  reliability  and 
performance  is  difficult. 

EfHciency 

The  destruction  removal  efficiency  (DRE)  is  the  single  most  important  characteristic 
of  the  remediation  option.  It  is  typically  expressed  as  a  percentage  and  is  computed 
as  follows: 


[Mass  of  component  -  Mass  of  component 
[in  feed  stream  -  in  existing  stream]  ^ 
Mass  of  component  in  feed  stream 


Reliability 

Reliability  refers  to  the  option’s  consistency  and  safety  during  operation.  For 
instance,  an  option  that  needs  ft-equent  shutdowns  cannot  be  considered  reliable. 

Costs 

The  costs  refer  to  the  capital  and  operation  and  maintenance  (O&M)  cost  estimates 
associated  with  each  option.  These  cost  estimates  have  been  assembled  for  inclusion 
into  the  alternative  cost  estimates.  The  cost  estimates  developed  are  order-of- 
magnitude  estimates.  These  estimates  are  expected  to  be  accurate  within  +30  to  - 
30  percent  and  provide  a  basis  for  comparison  between  treatment  alternatives.  The 
detailed  breakdowns  of  capital  and  O&M  costs  for  each  option  are  given  in  the 
attachments  to  this  technical  memorandum.  The  detailed  breakdowns  for  air  strip* 
ping  are  presented  in  Attachment  M(a)'l,  for  liquid-phase  carbon  adsorption  in 
Attachment  M(a)-2,  and  for  UV  oxidation  in  Attachment  M(a)-3. 

Capital  Casts 

Capital  costs  include  those  costs  associated  with  the  original  equipment,  including  the 
cost  of  the  process  control,  and  auxiliary  units.  It  also  indiaies  the  installation,  con¬ 
tractor  profit,  and  a  small  contingency.  The  percentages  used  in  the  treatment  facility 
costs  are  consistent  for  a  given  technology,  but  may  vaiy  from  one  alternative  to 
another.  The  percentages  used  in  these  estimates  were  determined  using  Plant  Design 
and  Economics  for  Chemical  Engineers  (Peters  and  Timmerhaus,  1990),  Chemical 
Engineering  Economics  (Garrett,  1989),  and  past  professkmal  experience.  These  costs 
do  not  include  other  contingencies  for  scope  cl'.anges,  pennittii^  and  le^  fees,  or 
design  fees.  These  other  contingencies  and  fees  are  assumed  to  be  more  aonirately 
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applif^d  to  each  alternative  cost  estimate.  Table  M(a)-3  summarizes  the  capital  costs 
for  TV  1  for  each  option.  Table  M(aj-4  summarizes  the  capital  cost  for  TV  2. 


Table  M(a)-3 

Capital  Costs 

Davis  Site  Treatnttnt  FacUity 
(TVl) 

Description 

Cost  ($) 

Air  Strippii^ 

Liquid-Phase 
Carbon  Adsorption 

UV  Oxidation 

Treatment  Facility  Costs 

501,{XX) 

347,000 

296,000 

Site  Preparation 

14,000 

14,000 

14,000 

Land 

0 

_ S 

0 

Total  ConstmetioH  Costt 

515,000 

361,000 

310,000 

Table  M(a)-4 

Capital  (^ts 

Davis  Site  Treatment  Fadlity 
(TV  2) 

Cost  ($) 

Liquid-Phase 

Description 

Air  Stripping 

Carbon  Adsorption 

UV  Oxidation 

Treatment  Fadlity  Costs 

693,000 

Site  Preparation 

14,000 

Land 

0 

Total  CoHstfuctioH  Costs 

565,000 

707,000 

506,000  1 

The  capital  costs  for  air  stripping  and  liquid-phase  carbon  adsorption  were  estimated 
using  cost  estimating  software  systems  Stripper  and  CORA.  The  Stripper  software 
system  is  a  design  model  for  air  stripping.  Stripper  takes  the  detailed  conditions  and 
treatment  objectives  of  the  specified  site  and  calculate:;  the  design  parameters  for  an 
air  stripping  colunm.  The  CORA  software  system  is  a  cost  estimating  system  that 
takes  the  site  conditions  and  selected  treatments  and  calculates  the  capital  and  O&M 
CO  its  for  each  treatment  along  with  site  preparation  costs.  Estimating  capital  cost  for 
the  air  stripping  option  was  calculated  using  the  design  parameters  Grom  Stripper. 
Quot-s  from  vendors  were  used  to  estimate  the  capital  cost  for  the  liquid-pha«» 
carbon  adsorption  and  the  UV  oxidation  options.  The  air  stripping  capital  cost  was 
compared  to  vendor  quotes  obtained  for  similar  treatment  systems. 
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Operation  and  Maintenance  Costs 

The  O&M  costs  reflect  the  maintenance  and  reliability  of  a  system.  Operating  costs 
are  annual  recurring  costs  and  include  the  costs  associated  with  day-to-day  operation 
and  routine  maintenance.  The  O&M  costs  include  the  following; 

•  Labor  -  cost  associated  with  manual  operation  and  maintenance  of  the 
option.  This  cost  may  vary  depending  on  the  number  of  units  for  each 
option. 

•  Materials  -  cost  associated  with  maintenance  costs,  administrative  costs, 
disposal  of  personal  protective  equipment  (PPE)  or  replacement 
materials,  and  items  needed  for  the  option  process,  such  as  sodium 
hypochlorite  for  washing  the  air  stripping  tower,  carbon  for  the  liquid- 
phase  carbon  adsorption,  or  hydrogen  peroxide  for  the  UV  oxidation 
process. 

•  Analytical  -  cost  associated  with  weekly  samplo^  of  the  influent  and 
effluent  streams  of  each  option.  This  cost  may  vary  depeiuiing  on  the 
number  of  units  for  each  option  and  the  number  of  influent  and  effluent 
streams  into  each  unit. 

•  Health  and  Safety  -  cost  associated  with  refresher  training,  annual 
physical  examinations,  health  and  safety  monitorir^  equipment,  and 
PPE. 

•  Power  -  cost  associated  with  power  to  run  the  wits  and  their  auxiliary 
equipment. 

•  Contingency  -  cost  associated  with  nonroutine  maintenance  or  operation. 

Table  M(a)-5  summarizes  the  O&M  costs  for  TV  1  for  each  option.  Table  M(a)-6 
summarizes  the  O&M  cost  for  TV  2. 

O&M  costs  for  air  stripping  and  liquid-phase  carbon  adsorptioa  were  estimated  using 
vendor  information  and  calculation  methods  outlined  in  Hazardous  Waste  Remediation 
Operations  and  Maintenance  Cost  Estimating  Guidance  Manual  prepared  in  September 
1989  1^  CH2M  HILL  for  the  California  Department  of  Health  Services.  For  UV 
oxidation,  the  guidance  manual  was  used  for  general  O&M  costs  stich  as  labor, 
analjdical,  and  health  and  safety.  However,  the  materials,  parts,  and  power  for  UV 
oxidation  were  directly  acquired  from  the  vendors. 
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TaMe  M(a)-S 

O&M  Costs 

Davis  Site  Treatment  Fediity 
(TVl) 

Cost  {$)  1 

Uqukl-Phase 

Description 

Air  Stripping 

Carbon  Adsorptioa 

UV  Oxidation 

Labor 

48,000 

48,000 

48,000 

Materials 

28,000 

125,000 

52,000 

Analytical 

125,000 

125.000 

125,000 

Health  and  Safety 

9,000 

9,000 

9,000 

Power 

3.000 

0 

5.000 

Subtotal 

213,000 

307,000 

239,000 

C:ontingency-20  percent 

43.000 

61,000 

48,000 

Total  Annual  O&M  Costs 

256,000 

368,000 

287,000 

Table  M(a)<4i 
O&M  Costs 

Davis  Site  Treatment  Facility 
(TV  2) 


Cost  ($) 

Description 

Air  Stripping 

Liquid-Plnse 
Carbon  Adsorptioa 

UV  Oxidatioa 

Labor 

48,000 

48,000 

48,000 

Materials 

31,000 

178,000 

110,000 

Analytical 

125,000 

231,000 

125,000 

Health  and  Safety 

9,000 

9,000 

9,000 

Power 

5.000 

0 

70.000 

Subtotal 

485.000 

362,000 

Contingency-20  percent 

97.000 

72.000 

Total  Annual  O&A#  Costs 

262,000 

582,000 

434,000 

The  total  capital  and  O&M  costs  have  been  summarized  in  Table  M(a)-7  for  each 
option.  To  compare  these  options,  a  30-year  project  iite  with  an  interest  rate  of 
5  percent  has  been  used  in  calculating  a  present  worth  «»!  of  the  fodlities. 
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Table  M(a)-7 

Treatment  Option  Costs  Summary 

Option 

Capital  Costs 
($  X  1,000) 

O&M  Costs 

($  X  1,000) 

Present  Worth 

(Assumed  30-year  Project  Life, 
S%  Interest  Rate) 

(S  X  1,000) 

Air  Stripping 

Target  Volume  I 

515 

256 

4,450 

Air  Stripping 

Target  Volume  2 

565 

262 

4592 

Liquid-Phase  Carbon 
Adsorption 

Target  Volume  1 

361 

368 

6.017 

Liquid-Phase  Carbon 
Adsorption 

Target  Volume  2 

707 

582 

9.652 

Advanced  UV 

Oxidation 

Target  Volume  I 

310 

287 

4.721 

Advanced  UV 

Oxidation 

Tcaget  Volume  2 

506 

434 

7,176 

Conclusions 

Air  stripping  has  been  proven  and  used  industrially  for  severad  years.  As  previously 
mentioned,  the  air  stripping  tower(s)  is  designed  based  on  tiie  contaminant  concentra¬ 
tion  and  the  amount  necessary  to  remove  for  remediation.  Therefore,  the  towers  are 
designed  to  be  efficient  and  will  have  DREs  for  each  contammant  of  99  percent  or 
better.  Air  strippers  are  very  reliable,  but  various  elemeiMs  csi  affect  its  perfor¬ 
mance.  Bacterial  gro'Arth,  solids  greater  than  1  g/1,  pH  greater  than  S,  and  dissolved 
iron  greater  than  1  ppm  will  all  cause  plugging  or  fouling  of  the  tower.  A  pH  less 
than  5  can  cause  corrosion.  As  indicated  in  Table  M(a)-7,  the  30-year  present  worth 
cost  estimate  for  air  stripping  for  remediation  of  TV  1  or  TV  2  appears  to  be  the 
most  cost-effective  in  comparison  to  the  other  remediation  opiiDos;  however,  offgas 
treatment  from  the  tower(s)  needs  to  be  included  in  the  remediation  consideration  of 
complete  treatment  of  the  groundwater.  As  discussed  previoosiy,  the  offgas  treatment 
is  discussed  and  evaluated  in  Appendix  L. 

Liquid-phase  carbon  adsorption  has  also  been  proven  and  «ed  imkistnafiy  for  several 
years.  As  stated  previously,  carbon  treatment  of  contanshmled  wmer  wffi  typcally 
remove  most  of  the  contaminants  present  to  <0.5  HmRiBie,  the  contaminants 
will  have  DREs  of  99  percent  or  tetter.  However,  vinyl  (Modde  is  hard  to  adsorb  to 
carbon  and  its  DRE  will  be  within  30  to  SO  percent  The  cmIrhi  vessels  ue  hi^ly 
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reliable  and  do  not  require  any  special  maintenance  except  for  carbon  replacement. 

In  the  30-year  present  worth  cost  estimate,  liquid-phase  carbon  adsorption  is  very 
costly  for  the  remediation  of  both  TV  1  and  TV  2. 

Advanced  UV  oxidation  is  a  proven  remediation  technology,  but  has  not  been  in 
industrial  use  for  as  long  as  either  air  stripping  or  liquid-phase  carbon  adsorption.  As 
discussed  previously,  UV  oxidation  treatment  to  nondeteCt  levels  can  be  accomplished 
through  the  residence  time  and  peroxide  dose.  Therefore,  UV  oxidation  is  efficient 
and  the  DRE  for  each  contaminant  is  99  percent  or  better.  The  UV  oxidation  units 
are  highly  reliable  and  need  little  maintenance  except  for  UV  lamp  replacement  and 
replenishing  the  hydrogen  peroxide  supply.  As  seen  with  the  30-year  present  worth 
cost  estimate,  U V  oxidation  is  also  a  low  cost  for  either  TV  1  or  TV  2. 

All  the  options  are  analogous  in  regards  to  status  of  development,  reliability,  and 
efficiency.  Therefore,  cost  is  the  deciding  factor  for  the  choice  of  options.  Liquid- 
phase  carbon  adsorption  cannot  efficiently  remove  the  vinyl  chloride  which  is  present 
in  the  influent  water  to  the  treatment  system  and  is  «q)ensive  compared  to  the  other 
options.  Therefore,  carbon  treatment  cannot  be  considered  as  the  option  choice. 
Considering  that  off  treatment  must  be  regarded  with  air  stripping  for  complete  treat¬ 
ment  of  the  groundwater,  the  air  stripping  option  costs  will  increase  and  undoubtedly 
exceed  the  cost  of  the  UV  oxidation  option.  Therefore,  it  is  concluded  that  UV 
oxidation  is  the  preferred  remediation  option.  There  are  many  future  technological 
advancements  for  UV  oxidation  that  may  be  used  to  enhance  the  remediation 
process.  Tliese  future  advancements  are  discussed  in  detail  in  the  main  text  of  this 
report. 
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Attachment  M(a)-1 


AIR  STRIPPING 

DAVIS  TREATMENT  FACIUTY  COSTS 
Target  Volume  1 

Hours  per  day  of  operation® 

Weeks  per  year  of  operation® 

Number  of  employees® 

Influent  samples  per  year® 
effluent  samples  per  year® 

Capitol  Costs:  Comments: 

Treatment  Facility  Costs; 

Purenased  Equipment 
Equipment  Installation 
Instrumentation 
Piping  &  Ducts  (installed) 

Electrical  (installed) 

Contractor's  Fee 
Contingency 


Site  Preparation: 

Costs  SI  3700  From  CORA 

$13700 

Land; 

2  acres  needed 


Labor 

A.  Operational  Labor 


Air  Stripping 

832  hr/yr 

$29,120 

B.  Additional  Labor 

166.4  hr/yr 

$7,488 

C.  Supervisor  Labor 

200  hr/yr 

$10,982 

$47,590 

Materials: 

A.  Sodium  Hypochlorite 

$969 

B.  Annual  Maintenance  Cost 

$25,725 

C.  Administrative  Costs 

0.  Disposal 

$1,286 

PPE 

$112 

$28,093 

Analytical: 

A.  Samples 

Air  Stripping  $124.«W  Samtted  weeMy 


SO^Land  already  ovwied 
SO 


SI  94  867  Scaled  Vendor  Quote 


47'’- 

S31  588 

Reference  1 

18=3 

535  076 

Reference  1 

66’, 

St;3  513 

Reference  1 

t1=. 

S21  435 

Reference  1 

5“', 

$9743 

Reference  1 

10% 

S19  487 

Reference  1 

S500a09 
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5124,900 


Health  and  Safety; 

A.  Training 
Refresher 

B.  Physical  Exams 

C.  Health  &  Safety  Monitoring  Equipment 

D.  PPE 

Power: 

A.  Air  Stripping 
Fan 


Initial  training  costs  included  in 
$2.S)0  the  capital  cost  estimate 
$575 
52.246 

$3,744  Modified  Level  0 
59.cse 


53.342  Pump  cost  included  in  Wellhead 

53.342  costs. 


Contingency: 


20%  S42.573 


Total  Annual  C  &  M  Cost: 


5255.471 


Note:  'Reference  1 :  "Plant  Design  and  Economics  for  Chemical  Engineers*  by  Peless  and  Timmerhaus 
and  “Chemical  Engineering  Economics"  by  Garrett. 

**04M  Costs  Estimated  Based  on  "Hazardous  Waste  Remediation  Operations  &  Maintenance 
Cost  Estimating  Guidance  Manual." 


TV1CSSTFXLS 


2 


AIR  STRIPPING 

DAVIS  TREATMENT  FACIUTY  COSTS 
Target  Volume  1 
Summary  Table 


Cabitol  Costs: 


Treatment  Facility  Costs: 
Site  Preparation: 

Land: 


$501,000 

$14,000 

$0 


Labor: 

Materials: 

Analytical: 

Health  and  Safety: 

Power: 

Contingency: 


$48,000 

$28,000 

$125,000 

$9,000 

$3,000 


20%  $43,000 
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AIR  STRIPPING 

DAVIS  TREATMENT  FACIUTY  COSTS 
Target  Volume  2 


Hours  per  day  of  operation= 
Weeks  per  year  of  operation= 
Number  of  employees= 
Influent  samples  per  year= 
Effluent  samples  per  year= 


24 

52 

52 

52 


Capitol  Costs: 


Comments: 


Treatment  Facility  Costs; 


Purchased  Equipment 

$214,402 

Scaled  Vendor  Quote 

Equipment  Installation 

47% 

$100,769 

Reference  1  * 

In.strumentation 

18% 

$38,592 

Reference  1 

Piping  &  Ducts  (installed) 

66% 

$141,505 

Reference  1 

Electrical  (installed) 

11% 

$23,584 

Reference  1 

Contractor's  Fee 

5% 

$10,720 

Reference  1 

Contingency 

10% 

$21,440 

Reference  1 

$551,014 


Site  Preparation; 
Costs 


$13.700  From  CORA 
$13,700 


Land; 

2  acres  needed  _  $0  Land  already  own?  1 

so' 

!!  Total  Construction  Cost 


Annual  Operations  and  Maintenance  Costs**: 

Labor 


A.  Operational  Labor 


Air  Stripping 

832  hr/yr 

C9.120 

B.  Additional  Labor 

166.4  hr/yr 

$7,488 

C.  Supervisor  Labor 

200  hr/vr 

$10,982 

547.590 

Materials; 

A.  Sodium  Hypochlonte 

$969 

B.  Annual  Maintenance  Cost 

$28,236 

C.  Administrative  Costs 

D.  Disposal 

$1,412 

PPE 

$112 

530.729 

Analytical; 

A.  Samples 

Air  Stripping  _ $134.800  Sampled  weekly 
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1 


$124,800 


Health  and  Safety; 


A.  Training 

Initial  training  costs  included  in 

Refresher 

$2,500 

the  capital  cost  estimate 

B.  Physical  Exams 

$576 

C.  Health  &  Safety  Monitoring  Equipment 

$2,246 

0.  PPE 

$3,744 

Modified  Level  □ 

$9,066 

Power; 

A.  Air  Stripping 

Fan 

$5,351 

Pump  cost  included  in  Wellhead 

$5,351 

costs. 

Contingency:  20% 

$43,507 

Total  Annual  O  &  M  Cost: 

$261,044 

1 

Note;  ‘Reference  1 ;  ‘Plant  Design  and  Economics  for  Chemical  Engineers*  by  Peters  and  Ttmmerhaus 
and  "Chemical  Engineering  Economics’  by  Garrett. 

"O&M  Costs  Estimated  Based  on  'Hazardous  Waste  Remediation  Operations  &  Maintenance 
Cost  Estimating  Guidance  Manual.’ 
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AIR  STRIPPING 

DAVIS  TREATMENT  FACILITY  COSTS 
Target  Volume  2 
Summary  Table 


Capitol  Costs: 

Treatment  Facility  Costs: 
Site  Preparation: 

Land: 


$551,000 

$14,000 

$0 


Total  Construction  Cost: 


$565,000 


Annual  Operations  and  Maintenance  Costs: 


Labor 

Materials: 

Analytical: 

Health  and  Safety: 

Power: 

Contingency: 


20% 


$48,000 

$31,000 

$125,000 

$9,000 

$5,000 

$44,000 


$262,000  i 
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Attachment  M(a)«2 


LIQUID  PHASE  ACTIVATED  CAraON 
DAVIS  TREATMENT  FACILITY  COSTS 
Target  Volume  1 


/ 


Number  of  Units* 

Hours  per  day  of  operation* 
Weeks  per  year  of  operation* 
Number  of  emoloyees* 
Groundwater  Flows* 

Influent  samples  per  year* 
Effluent  samples  per  year* 


24 


52 


380 


gpm 


52 

52 


Capitol  Costs:  Comments: 

Treatment  Facility  Costs; 


Purchased  Equipment 

$175,000  Vendor  Quote 

Equipment  Installation 

27% 

$47,250  Reference  1  * 

Instrumentation 

10% 

$17,500  Reference  1 

Piping  &  Ducts  (installed) 

35% 

$61,250  Reference  1 

Electrical  (installed) 

11% 

$19,250  Reference  1 

Contractor's  Fee 

5% 

$8,750  Reference  1 

Contingency 

10% 

$17,500  Reference  1 

S3«.500 


Site  Preparation; 
Costs 


$13  700  From  CORA 
$13,700 


Land; 

2  acres  needed 


SO  Land  already  owned 
$0 


Annual  Operations  and  Maintenance  Costs**: 


Labor; 

A  Operational  Latwr 

832  hy/yr 

£29.120 

B.  Additional  Labor 

166  hr/yr 

$7,488 

C.  Supervisor  Labor 

200  hr/yr 

$10,382 

$47,590 

Materials; 

A.  Carbon  Replacement 

$105,967  $1/K>  of  carbon 

B.  Annual  Maintenance  Cost 

$16,010 

C.  Administrative  Costs 

$901 

0.  Disposal 

PPE 

$112 

$124,900 

Analytical; 

A.  Samples 

$124,100 

TVICSTtCXLS 
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$124,800 


Health  and  Safety; 

A.  Training 
Refresher 

B.  Physical  Exams 

C.  Health  &  Safety  Monitoring  Equipment 

D.  PPE 

Power; 

No  power 


Initial  training  included  in 
$2,500  the  capital  cost  estimate 
$576 
$2,246 

$3,744  Modified  Level  D 
$9,066 

$0  Pump  cost  included  in  Wellhead 
$0  costs. 


Contingency; 


20% 


$61,289 


Total  Annual  O  &  M  Cost: 


$367,736 


Note:  ‘Reference  1 ;  "Plant  Design  and  Economics  for  Chemical  Engineers"  by  Peters  and  Timmerhaus 
and  "Chemical  Engineering  Economics"  by  Garrett. 

**0&M  Costs  Estimated  Based  on  "Hazardous  Waste  Remediatior:  Operations  &  Maintenance 
Cost  Estimating  Guidance  Manual." 
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LIQUID  PHASE  ACTIVATED  CARBON 
DAVIS  TREATMENT  FACILITY  COSTS 
Target  Volume  1 
Summary  Table 


Treatment  Facility  Costs; 
Site  Preparation; 

Land; 


$347,000 

$14,000 

$0 


Labor;  $48,000 

Materials;  $125,000 

Analytical;  $125,000 

Health  and  Safety;  $9,000 

Power;  $0 

Contingency;  20%  $61,000 
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LIQUID  PHASE  ACTIVATED  CARBON 
DAVIS  TREATMENT  FAaUTY  COSTS 
Target  Vt^ume  2 


Number  of  Units® 

Hours  per  day  of  operation® 
Weeks  per  year  of  operation 
Number  of  employees® 
Groundwater  Flows® 

Influent  samples  per  year® 
Effluent  samples  per  year® 


24 


52 


820 


gpm 


104 

104 


Capitol  Costs:  Comments: 

Treatment  Facility  Costs; 


Purchased  Equipment 

$350,000 

Vendor  Quote 

Equipment  Installation 

27% 

$94,500 

Reference  1* 

Instrumentation 

10% 

$35,000 

Reference  1 

Piping  &  Ducts  (installed) 

35% 

$122,500 

Reference  1 

Electrical  (installed) 

11% 

$38,500 

Reference  1 

Contractor's  Fee 

5% 

$17,500 

Reference  1 

Contingency 

10% 

$35,000 

Reference  1 

$693,000 

Site  Preparation; 
Costs 


$13,700  From  CORA 
$13,700 


Land; 

2  acres  needed 


j^Land  already  owned 

so 


Annual  Operations  and  Maintenance  Costs**: 
Labor; 


A.  Operational  Labor 

832  hy/yr 

$29,120 

B.  Additional  Labor 

168  hf/yr 

$7,488 

C.  Supervisor  Labor 

200  hrfyr 

$10,982 

$47,590 

Materials; 

A.  Carbon  Replacement 

B.  Annual  Maintenance  Cost 

C.  Administrative  Costs 
0,  Disposal 

PPE 

Analytic^: 

A.  Samples 


$140,756  $1 /lb  of  carbon 
$35,335 
$1,767 

$112 

$177,970 

$249.600 
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$249,600 


Health  and  Safety: 

A.  Training 

Initial  training  included  in 

Refresher 

$2,500 

the  capital  cost  estimate 

B.  Physical  Exams 

$576 

C.  Health  &  Safety  Monitoring  Equipment 

$2,246 

D.  PPE 

$3,744 

$9,066 

Modified  Level  0 

Power: 

No  power 

SO 

Pump  cost  included  in  Wellhead 

SO 

co^. 

Contingency:  20% 

$96,845 

Note:  'Reference  1 ;  "Plant  Design  and  Economics  for  Chemical  Engineers"  by  Petes  and  Timmerhaus 
and  "Chemical  Engineering  Economics"  by  Garrett. 

"O&M  Costs  Estimated  Based  on  "Hazardous  Waste  Remediation  Operations  4  Mairrtensnce 
Cost  Estimating  Guidance  Manual." 


/ 
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LIQUID  PHASE  ACTIVATED  CARBON 
DAVIS  TREATMENT  FACIUTY  COSTS 
Target  Voltene  2 
Summary  Table 

Caoitol  Costs: 


Treatment  Facility  Costs:  S693.C00 

Site  Preparation:  S14,000 

Land:  SO 


iTotai  Construction  Cost:  $707!000  jl 

Annual  Operations  and  Maintenance  Costs: 

Labor;  $48,000 

Materials:  $178,000 

Analytical;  $250,000 

Health  and  Safety;  $9,000 

Power;  $0 

Contingency;  20%  $97,000 
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UV/OXiDATION 

DAVIS  TREATMENT  FACIUTY  COSTS 
Target  Volume  1 


Number  of  Units= 

Hours  per  day  of  operation* 
Weeks  per  year  of  operation* 
Number  of  employees* 
Groundwater  Flo-ws* 

Influent  samples  per  year* 
Effluent  samples  per  year* 


24 


52 


360 


gpm 


52 

52 


Capitol  Costs: 


Comments: 


Treatment  Facility  Costs: 


Purchased  Equipment 

$150,000  Vendor  Quote 

Equipment  Installation 

$7,500  Vendor  Quote 

Instrumentation 

22% 

$33,000  Reference  1* 

Piping  &  Ducts  (installed) 

40% 

$60,000  Reference  1 

Electrical  (installed) 

15% 

$22,500  Reference  1 

Contractor's  Fee 

5% 

$7,500  Reference  1 

Contingency 

10% 

$15,000  Reference  1 

$295,500 


Site  Preparation: 
Costs 


$13,700  From  CORA 
$13,700 


Land: 

2  acres  needed 


$0  Land  already  owned 
$0 


$m2o^ 


Annual  Operations  and  Maintenance  Costs**: 


Labor: 


A.  Operational  Labor 

832  hrfyr 

$29,120 

B.  Additional  Labor 

166.4  hr/yr 

$7,488 

C.  Supervisor  Labor 

MO  hrfyr 

$10,982 

$18,470 


Vendor  Material  and  Parts  O&M:  $52,000  H202  @  $.65/lb  50% 

Analytical: 

A.  Samples  $124,800 

$124,800 

Health  aitd  Safety: 

A.  Training 

Refresher  $2,500 
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8.  Physical  Exams 

C.  Health  &  Safety  Monitoring  Equipment 

D.  PPE 


S576 

S2.246 

$3,744  Modified  Level  D 


$9,066 

Vendor  Power  O&M;  $5,000  60  kW  @  $.06;kWh 

Contingency:  20%  $41,867 

Total  Annual  O&M  Cost:  $251,204  | 


Note:  'Reference  1 :  "Plant  Design  rnd  Economics  for  Chemical  Engineers"  by  Peters  and  Timmerhaus 
and  "Chemical  Engineering  Economics"  by  Garrett. 

"O&M  Costs  Estimated  Based  on  "Hazardous  Waste  Remediation  Operations  &  Maintenance 
Cost  Estimating  Guidance  Manual." 


TVICSTUVXLS 


2 


UV/OXIOAHON 

DAVIS  TREATMENT  FACtUTY  COSTS 
Target  Volume  1 
Summary  Table 


Treatment  Facility  Costs: 
Site  Preparation; 

Land; 


$296,000 

$14,000 

$0 


Labor:  $18,000 

Vendor  Material  and  Parts  O&M;  $52,000 

Analytical:  $125,000 

Health  and  Safety:  $9,000 

Vendor  Power  04M;  $5,000 

Contingency;  20%  _ $42,000 


/ 
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UV/OXIDATION 

DAVIS  TREATMEMT  FACIUTY  COSTS 
Target  Volume  2 


.dumber  of  Units* 
hours  per  day  of  operation* 
Weeks  per  year  of  operation* 
Number  of  employees* 
Groundwater  Flows* 

Influent  samples  per  year* 
Effluent  samples  per  year= 


24 


52 


820 


gpm 


52 

52 


Capitol  Costs: 


Comments: 


Treatmeri’.  Facility  Costs: 


Purchased  Equipment 

$250,000  Vendor  Quote 

Equipment  Installation 

$12,000  Vendor  Quote 

Instrumentation 

22% 

$55,000  Reference  1* 

Piping  &  Ducts  (installed) 

40% 

$100,000  Reference  1 

Electrical  (installed) 

15% 

$37,500  Reference  1 

Contractor's  Fee 

5% 

$12,500  Reference  1 

Contingency 

10% 

$25,000  Reference  1 

$492,000 


Site  Preparation: 
Costs 


$13.700  From  CORA 
$13,700 


Land: 

2  acres  needed 


$0  Land  already  owned 
$0 


Annual  Operations  and  Maintenance  Costs**: 


Labor: 


A.  Operational  Labor 

832  hr/yr 

$29,120 

B.  Additional  Labor 

166.4  hr/yr 

$7  488 

C.  Supervisor  Labor 

200  hr/yr 

$10,982 

$1S.470 


Vendor  Material  and  Parts  04M:  $110,000  H202  ®  $.65flb  50% 

Analytical: 

A.  Samples  $124.800 

$124,800 

Healtli  arid  Safety: 

A.  Training 

Refresher  S2.S00 
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B  Physical  Exams 

S576 

C.  Health  &  Safety  Monitoring  Equipment 

$2,246 

D.  PPE 

$3,744 

Modified  Level  D 

$9,066 

Vendor  Power  O&M; 

$70,000 

135  kW  @  $.06/kWh 

Contingency: 

20% 

^,467 

jTotai  Annual  O&M  Cost: 

$398,804 

Note;  'Reference  1 ;  "Plant  Design  and  Economics  for  Chemical  Engineers'  by  Peters  and  Timmerhaus 
and  "Chemical  Engineering  Economics'  by  Ganett. 

**0&M  Costs  Estimated  Based  on  'Hazardous  Waste  Remediation  Operations  &  Maintenance 
Cost  Estimating  Guidance  Manual.* 
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UV/OXIDATION 

DAVIS  TREATMENT  FACIUTY  COSTS 
Target  Volume  2 
Summary  Table 


Treatment  Facility  Costs: 
Site  Preparat'on: 

Land: 


$492.0C0 

$14,000 

$0 


Labor;  $18,000 

Vendor  Material  and  Paris  04M:  $1 10,000 

Analytical;  $125,000 

Health  and  Safety;  $9,000 

Vendor  Power  O&M:  $70,000 

Contingency:  20%  $66,000 


TV2CSTUVW.S 
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CHEMICAL  OXIDATION  OF  DISSOLVED  HAZARDOUS 
ORGANIC  MATERIALS 


by 
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Chemical  Oxidation  of  Dissolved  Hazardous 
Organic  Materials 

by 

Christopher  L.  Giggy 
Peroxidation  Systems,  Inc. 

5151  E.  Broadway,  Suite  600 
Tucson,  Arizona  85711 


ABSTRACT 

Most  conventional  water  treatment  technologies  are  based  on  converting  the  state  or 
phase  of  the  contamination.  Removal  of  harardous  organic  contamination  from  water 
by  solid-phase  adsorption  and  removal  of  volatile  organics  from  water  by  air  stripping 
are  two  such  examples.  In  these  approaches,  subsequent  treatment  is  required  to 
complete  the  removal  of  the  contaminant  from  the  environment.  True  destruction  of  the 
organic  contaminants  has  been  left  to  incineration  for  high  concentration  wastes  or 
biological  oxidation  for  low  level  non-toxic  materials. 

More  recently,  advances  in  mechanical  and  electrical  design,  as  well  as  more  stringent 
treatment  requirements,  have  made  chemical  oxidation  a  viable  treatment  alternative. 
One  of  the  most  promising  of  these  innovative  processes  involves  ultraviolet  light 
catalyzed  chemical  oxidation  of  organics  in  water  using  hydrogen  peroxide.  Dissolved 
organics  are  converted  to  carbon  dioxide  and  water.  Where  halogenated  solvents  are 
treated,  the  attendant  halide  remains  dissolved.  Operating  field  units  have  been  in  place 
for  as  long  as  10  years. 

Peroxidation  Systems,  Inc.  of  Tucson,  Arizona,  the  leader  in  the  chemical  oxidation 
field,  has  over  35  ftill-^r^V  installations  including  three  systems  ir.  Brth 

laboratory  and  field  performance  data  are  presented  to  ’  demonstrate  the  process 
effectiveness  on  a  variety  of  hazardous  organic  contaminants. 'The  process  can  be 
operated  as  a  closed  system  generating  no  sdr  emission,  solid  residuals,  or  other 
secondary  pollution  problems.  Treated  water  is  suitable  for  discharge,  reinjection  or 
reuse. 


INTRODUCTION 

Most  early  environmental  pollution  controls  were  based  upon  visual  indicators.  Smokestacks 
emitting  particulates,  fish  kills  due  to  gross  toxici^,  organic  discharges  leading  to  oxygen 
dq)letion  in  rivers,  and  algae  blooms  in  lakes  were  die  i^n  focus.  Tens  of  parts-per-million 
were  the  controversial  effluent  levels  and  fishable,  swimmable  waterways  the  goals. 

More  recently,  the  abilities  of  analytical  laboratories  to  detect  sub  part-per-billion  levels  of 
contaminants  and  studies  linking  long-term,  low-level  exposure  to  health  problems,  have  shifted 
r^ulatory  concerns  to  many  previously  neglected  areas. 

The  fairly  recent  discoveries  of  the  magnitude  and  extent  of  the  contamination  of  our 
groundwater  resources  has  lead  to  a  new  emphasis  on  groundwater  clean-up.  The  disposal  of 
wastes  on  or  under  the  ground  met  the  early  environmental  goals  of  not  discharging  to  air  or 
surface  waters.  However,  an  even  greater  problem  of  groundwater  contamination  was  created. 
Ever  since  Love  Canal  in  the  late  1970’s  and  the  formation  of  the  Superfund  program  in  1980, 
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hazardous  and  toxic  materials  in  the  ground  and  groundwater  have  received  a  great  deal  of 
scrutiny  while  the  definition  of  acceptable  treatment  levels  has  moved  evci  loAcr.  In  order  to 
treat  hazardous  organic  contaminants  in  water  to  low  part  per  billion  levels,  many  of  the 
conventional  technologies  employed  in  the  past  become  very  expensive  or  are  not  feasible.  One 
of  the  more  innovative  approaches  to  producing  very  high  purity  water  is  chemical  oxidation. 
The  most  promising  method  is  to  use  an  oxidant  such  as  hydrogen  peroxide  or  ozone,  which 
contain  no  extraneous  products,  and  employ  ultraviolet  light  to  catalyze  the  oxidation  reaction.' 
This  process  has  been  in  use  for  a  number  of  years,  but  recent  advances  in  hardware  technology 
have  made  chemical  oxidation  economically  competitive  with  convendonai  treatme  r.t  methods 
and,  in  many  instances,  it  is  the  process  of  choice.' 

THE  UV/PEROXIDATION  PROCESS 

Chemical  oxidation  of  organic  contaminants  in  water  is  a  todmology  which  can  be  applied  to 
a  broad  spectrum  of  aqueous  wastes.  The  process,  when  carried  to  completion,  convens 
hydrocarbon  contaminants  to  carbon  dioxide  and  water.  Any  halogens  present  in  the  organic 
molecule  are  converted  to  the  corresponding  inorganic  halides. 

When  either  hydrogen  peroxide  (HjOi)  or  ozone  is  catalyzed  with  ultraviolet  fUV)  light, 
hydroxyl  radicals  are  formed  which  then  react  with  the  organic  contaminant.  The  oxidation 
potend^s  for  common  oxidants  are  listed  in  Table  1.  As  sh(^,  the  hydroxyl  radical  is  second 
only  to  fluorine  in  oxidadve  power. 


Table  1 

Oxidation  Potential  of  Oxidaitts 


Relative 

Oxidation 

Power 

Soecies 

Oxidative 

Potential 

rVolts) 

2.23 

Fluorine 

3.03 

2.06 

Hydroxyl  Raxlical 

2.80 

1.78 

Atomic  Oxygen  (singlet) 

2.42 

1.52 

Ozone 

2.07 

1.31 

Hydrog«t  Peroxide 

1.78 

1.25 

Perhyt^xyl  Radical 

1.70 

1.24 

Permanganate 

1.68 

1.17 

Hypochlorous  Add 

1.59 

1.15 

Chlorine  Dioxide 

1.57 

1.10 

Hypochlorous  Add 

1.49 

1.07 

Hyjwiodous  Acid 

1.45 

1.00 

Chlorine 

1.36 

0.80 

Bromine 

1.09 

0.39 

Iodine 

0.54 
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The  reaction  of  formic  acid  with  UV  catalyzed  HjOj  Ulustrates  the  photochemical  oxidation 
process. 


H,0, 

HCOOH  +  .OH 
HCOO»  +  ‘OH 


nm 

- > 

- > 


2  ‘OH 

HjO  +  HCOO* 
H,p  COj 


Neither  HjOj  nor  ozone  contain  metals  or  halogens  which  can  lead  to  undesirable  by-products 
during  the  organic  oxidation  process.  However,  HjOj  has  certain  inherott  advantages  and  is 
preferred  as  Se  source  of  hydroxyl  radicals  over  ozone.  HjOj  is  supplied  commerdally  as  an 
easily  handled  liquid  (30-50%)  which  has  in&tite  solubility  in  water.  Ozone  is  a  toxic  gas  with 
limited  water  solubility  and  must  be  generated  on-site.  Also,  the  solubility  of  HjOj  greatly 
simplifies  the  reactor  design  in  terms  of  oxidant  addition,  mixing  of  the  reactants,  and 
elimination  of  concern  over  fugitive  toxic  gases  which  can  contain  ozone  and  the  organic 
constituents. 

Furthermore,  HjO,  storage  and  feed  systems  are  relatively  inexpensive  compared  to  ozone 
generation  and  feed  equipment.  Finally,  hydroxyl  radical  formation  from  HjO,  is  more  effici'nt 
than  from  ozone,  yielding  two  hydroxyl  ideals  from  each  molecule  of  H2OI. 

Like  most  other  treatment  methods  the  UV/peroxidation  process  is  dependent  upon  a  numbo: 
of  conditions  which  can  affect  both  performance  and  cost.  Some  process  variables  are  inherent 
to  the  properties  of  the  contaminated  water  while  others  can  be  controlled  by  the  treatment 
system  design  and  operation.  Some  of  the  more  important  process  variables  are  summarized 
in  Table  2. 


Table  2 

# 

UV/Peroxidation  Process  Variables 
Variables  related  to  the  contaminated  water 

•  type  and  concentration  of  organic  contaminants 

•  light  transmittance  of  the  water 
(color/suspended  solids) 

•  type  and  concentration  of  inorganic  constituents 
Variables  related  to  treatment  process  design  and  operation 

•  UV  and  HjO.  dosages 

•  pH  and  temperature  conditions 

•  use  of  catalysts 

TREATMENT  EQUIPMENT 

While  the  UV/peroxidation  process  chemistry  is  well  krmwn,  refined  et^pment  design  and  the 
use  of  a  high  intensity  UV  source,  such  as  that  employed  in  the  pffox-pure™  sys^*,  is  a 
more  recent  development.  The  use  of  high  intensity  UV  has  produced  a  dianmic  redaction 
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in  contaminant  oxidation  time.  Figure  1  presents  data  illustrating  the  relationship  between  UV 
intensity  and  required  oxidation  time  for  trichlorocthene  (TCE). 

In  full-scale  treatment  applications,  implementation  of  the  relationship  shown  in  Figure  I  results 
in  a  perox-pure^'*  system  utilizing  1  UV  lamp  in  a  20  gallon  reactor  providing  treatment 
equivalent  to  a  system  with  200  low  intensity  lamps  in  a  1500  gallon  reactor.  The  increased 
operating  cost  for  power  with  the  perox-pure^  system  is  more  than  offset  by  the  lower  capital 
and  maintenance  costs  of  the  equipment,  and  the  smaller  equipment  size. 

A  flow  diagram  of  a  typical  perox-pure^  system  is  shown  in  Figure  2.  PLO,,  which  is  stored 
on-site  in  polyethylene  or  aluminum  tanks  at  50%  concentration,  is  injected  into  the  influent 
water  stream  via  chemical  metering  pumps.  The  solubility  of  HjO,  in  water  negates  any  need 
for  mixing  or  dispersion  devices  other  than  the  inlet  piping.  The  water  then  flows  into  the 
oxidation  chamber  where  it  is  brought  into  intimate  contaa  with  the  UV  lamps.  The  treated 
water  exits  the  oxidation  chamber,  usually  with  a  minor  amount  of  residual  H;0,,  and  is 
discharged  as  appropnate. 

Individual  perox-pure’^'  oxidation  chambers  may  contain  up  to  15  UV  lamps  depending  upon 
the  w-ater  flow  rate  and  the  organic  contaminant  concentrations.  As  needed,  the  modular 
oxidation  chambers  are  mounted  in  series  or  parallel  to  provide  longer  contact  times  or  higher 
flow  capacities.  Such  modular  systems  have  been  constructed  with  hydraulic  capacities  of  up 
to  1500  gpm. 

APPLICATION  OF  THE  perox-pure™  PROCESS 

The  perox-pure™  Process  is  experiencing  good  success  both  in  Arizona  and  other  parts  of  the 
country  and  Europe.  There  are  currently  two  units  operating  in  Arizona,  two  additional  units 
sold  and  three  othen  in  testing  and  under  consideration. 

Several  case  studies  are  presented  below  to  illustrate  the  application  of  the  perox-pure’^ 
Process  as  a  water  treatment  solution.  The  corresponding  equipment  design  parameters  and 
operating  costs  are  discussed  in  each  case. 

Case  A  -  Destruction  of.TCE  in  Groundwater 

The  groundwater  plume  beneath  a  residential  area  of  a  southern  Arizona  city  was  found  to  be 
contaminated  with  trichlorocthene  (TCE)  and  1,2-dichlorocthene  (DCE).  Peroxidation  Systems, 
Inc.  (PSI)  was  contracted  to  provide  a  treatment  system  for  a  2-year  remediation  demonstration 
project  to  be  conducted  at  a  monitoring  well  located  in  the  residential  area.  The  monitoring 
well  was  selected  based  upon  its  production  of  the  more  contaminated  water. 

A  perox-pure”*  Model  CW-I80  was  installed  in  December  1989,  and  was  later  replaced  with 
a  smaller  unit,  a  Model  LVB-90,  based  upon  the  favord>le  treatment  results  obtained  and 
improved  equipment  design.  The  selection  of  the  original  treatment  equipment  was  based  upon 
a  bench-scale  study  conducted  at  the  PSI  Testing  Laboiaioiy  in  Tucson,  Arizona  on  a  sample 
of  the  groundwater.  The  improved  Model  LVB-90  was  able  to  achieve  the  same  performance 
with  one-third  the  power  requirements. 


*  Peroxidation  Systems,  Inc.,  Tucson,  Arizona 


v» 
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The  current  treatment  process  conditions  and  results  for  the  Case  A  site  are  shown  in  Table  3. 
The  groundwater  is  color'ess  with  low  solids  content,  a  pH  of  7.8,  and  low  mg/1  levels  of 
inorganic  constituents.  The  treatment  flow  rate  is  135  gpm  on  a  24  hour  per  day,  7  day  per 
week  basis.  A  UV  lamp  power  of  30  KW  is  utilized  aitnig  with  15  mg/1  of  H^O,  to  destroy  124 
Aig/1  of  TCE  and  22  /xg/I  of  DCE  to  less  than  1  /ig/I  each,  the  treated  groundwater  is 
discharged- to  the  sanitary  sewer  system  at  present. 

Table  3 

perox-pure^^  Treatment  Process 
Conditions  and  Results  for  Case  A 


Flow  Rate  (epm) 
perox-pure™  Model 

135 

LVB-90 

UV  Lamp  Power  (KW) 

30 

H,Oj  Dosage  (mg/l) 

15 

Reaction  Time  (min.) 

0.3 

Influent  Contaminants  (ng/l) 
Trichloroethene 

124 

1,2-Dichloroethene 

22 

Effluent  Contaminants  (pg/l) 
Trichloroethene 

<1 

1,2-Dichloroethene 

<l 

The  perox-pure™  system  at  the  Case  A  site  is  being  operated  under  a  PSI  Full  Service  Contract 
which  eliminates  capital  expenctituie  and  includ^  regular  service,  all  pans  and  labor  for 
maintenance,  delive^  of  hydrogen  peroxide  and  a  guarantee  of  system  perfbnnance.  The 
operating  cost  for  the  system  is  approximately  $0.83  per  1000  gallons  treated  including 
electrical  power  and  the  PSI  Full  Service  Contract  fee. 

Case  B  -  Destruction  of  BTEX  Jn  Groundwater 

Groundwater  monitoring  near  a  lumber  mill  in  Northern  Arizona  discovered  high  concentrations 
of  BTEX  (benzene,  toluene,  ethyl  benzene  and  xylenes)  and  heavy  hydrocarbons.  The 
contamination  was  found  to  be  a  result  of  frequent  ^uoline  spills  from  et^ipment  at  the  mill 
previously  operatol  at  the  site.  PSI  was  contracted  to  provide  a  treatment  system  which  would 
destroy  the  detectable  organic  contaminants  to  low  ^g/i  level. 

A  perox'pure^  Model  LVA>60  was  installed  at  the  Case  B  site  in  October  1989.  Bench 
testing  at  the  PSI  Testing  Laboratory  was  used  to  sire  rhe  treatment  equipmoit.  The  treatment 
is  expected  to  continue  for  three  to  five  years. 

The  operating  conditions  and  treatment  results  for  the  Case  B  site  are  summarized  in  Table  4. 
The  treatment  flow  rate  is  a  constant  8.5  gpm,  altluragh  the  equipment  is  sized  for 
approximately  25  gpm.  The  current  flow  rate  is  based  upon  die  low  out^t  of  the  production 
wells  at  the  site.  A  UV  lamp  power  of  60  KW  is  used  in  conjunction  with  200  m^l  of  HjOj 
to  destroy  11, SCO  ftg/1  of  BTEX  and  other  hydrocarbons  to  bdow  the  anai^ical  detection  limits. 
Tlte  pH  of  the  groundwamr  is  reduced  from  7.5  to  ^iproxim^y  6  undi  ailfuric  acid  prior  m 
treatment  to  reduce  the  high  alkalinity  of  the  groundwater  and  preveid  foiling  of  the  perox- 
pure^  equipment.  The  treated  water  is  used  for  dust  control  m  the  sim. 
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Table  4 


perox-pure™  Treatment  Process 
Conditions  and  Results  for  Case  B 


Flow  Rate  Isom) 

8.5 

perox-pure^^  Model 

LVA-c9 

UV  Lamp  Power  (KW) 

60 

RO.  Dosage  (mg/1) 

200 

Reaction  Time  (min.) 

3.1 

Influent  Contaminants  (/tg/I) 

Benzene 

2,540 

Toluene 

3.320 

Ethylbenzene 

353 

Xylenes 

2,490 

Other  Hydrocarbons 

2.780 

Effluent  Contaminants  (jig/l) 

Benzene 

<1 

Toluene 

<  1 

Ethylbenzene 

<1 

Xylenes 

<I 

Other  Hydrocarbons 

<10 

The  perox-pure^  system  at  the  Case  B  site  is  also  being  opcmed  under  a  PSI  Full  Service 
Contract,  providing  ail  equipment,  service,  maintenance,  chemical  supply,  and  guaranteed 
performance.  The  operating  cost  for  the  treatment  system,  including  dcctiical  power  and  the 
Full  Service  Contract  fee,  is  approximately  S0.019  per  galloo  treated.  This  cost  is  relatively 
high  due  to  the  oversizing  of  the  equipment.  If  the  origii^  design  flow  rate  of  25  gpm  is  used, 
the  projected  treatment  cost  is  S0.007  per  gallon  treated. 

Case  C  -  Combination  Treatment 

In  May  1988  PSI  was  contracted  by  a  consultant  working  for  a  Fortune  100  company  with  a 
contaminated  groundwater  site. 

Preliminary  estimates  of  the  UV/Peroxidation  process  applicability  were  done  using  the 
extensive  database  accumulated  by  PSI  from  its  treatment  tesdag.  Using  rate  constants  from 
the  database,  the  perox-pure^  Process  was  judged  to  be  a  viable  alternative.  A  liquid  phase 
granular  activated  carbon  system,  while  considered  techiucally  feasdrle,  was  judged  less 
desirable  due  to  logistics  of  handling  the  spent  carbon,  cost  and  labdities  associated  with  spent 
carbon  transport.  The  initial  conceptual  design  was  for  the  UV/Peroxidaiion  Systems  to  act 
as  a  polish  step  after  air  stripping. 

Because  of  the  low  flow  estimated  for  treatment  (25-50  gpm)  aad  the  bench-scale  success,  the 
smallest  perox-pure^  production  model,  and  LV-60,  was  chosen  for  the  on-site  demonstration. 
The  unit  was  shipped  to  the  site  and  the  first  testing  of  the  system  comraenced  in  December. 

Data  from  this  initial  testing  is  presented  in  Table  S.  As  can  be  seen  firoa  the  data,  the  system 
was  demonstrated  to  work  at  near  100%  ctficie.‘H:y  on  most  of  the  coteaiMianc  with  destruction 
of  1,1,1-Trichlorcethane  (TCA)  at  29%. 
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Table  5 


Initial  Test  Data  on  UV/Peroxidation 


INF' 

EFF 

Contaminant 

liigm 

iMZUl 

1,1 -DC  A 

4.5 

<1.0 

1,2-DCE 

162 

<1.0 

1,1,1-TCA 

105 

74 

TCE 

68 

<1.0 

PCE 

272 

<l;0 

Contact  Time;  2,0  min. 

ILO..;  40  mg/1 

*  Effluent  from  Air  Stripper 

^Vhile  TCA  has  much  less  toxicity  than  the  others  and  is  usually  allowed  at  up  to  40  times  the 
concentration  of  the  others,  the  74  ppb  effluent  was  above  the  NPDES  discharge  limit.  In  order 
to  make  maximum  use  of  both  the  air  stripper  and  the  UV/Peroxidation  system  the  treatment 
system  was  replumbed  to  allow  UV/Peroxidation  first  followed  by  the  air  stripper.  Data  from 
this  treatment  sequence  is  presented  in  Table  6.  As  is  shown,  the  UV/Peroxidation  destroyed 
virtually  all  contaminants  with  the  exception  of  TC.\  which  is  subscqtientiy  reduced  to  below 
2  ;ig/l  by  the  air  stripper.  The  result  of  this  sequence  is  higher  quality  effluent  water  as  wei! 
as  much  lower  atmospheric  emissions  of  chlorinated  hydroc^ons  obviating  the  need  for  vapor 
phase  controls. 

Table  6 

UV/Peroxidation  Performance  Ahead  of 
Air  Stripper 


Contaminant 

Inf,  (ug/ll 

TM 

perox-pure 

EfLksOl 

Air  Stripner 

EfLIlifiAI 

MeCl 

75 

3.8 

<2.0 

1,2-DCE 

3480 

<2.0 

<2.0 

1,1,1-TCA 

1980 

1430 

<2.0 

TCE 

1480 

<2.0 

<2.0 

PCE 

4990 

<2.0 

<2.0 

'fhe  perox-pure™  system  on  this  site  is  being  operated  on  a  Full  SMvice  Control  which 
eliminates  capital  expenditure  and  includes  regular  service,  all  ]xurt$  and  labor  for  maintenance, 
delivery  of  hydrogen  peroxide  and  a  guarantee  of  system  performance.  TTic  cost  to  destroy  the 
organics  as  shown  with  the  perox-pure™  system  is  approximately  S2.69  per  1000  gallons 
treiUed  including  capital  amortization,  chemicals,  electricity  and  all  maintenance  parts  and  labor. 

rUMMARY 


7 


hydrogen  peroxide  system  (perox-pure^*^  Process),  is  a  proven,  effective  technology  for  the 
removal  of  organic  contamination  from  water.  It  is  economically  competitive  with  carbon 
adsorption  and  does  away  with  the  secondary  disposal  problems  and  liabilities  which  result  from 
other  technologies  that  produce  sludges  or  air  emissions.  As  air  and  water  discharge  regulations 
become  more  stnngent,  and  dispos^  of  spent  adsorption  maierials  becomes  more  costly,  the 
perox-pure^’^  Process  will  come  to  be  one  of  the  technologies  of  choice  for  the  1990’ s. 
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EFF-ECT  OF  UV  INTENSITY  ON  DESTRUCTION  RATE 


-  Data  from  recent  Peroxidation  Systems  testing  at 
over  500  watts  total  UV/liter 


TYPICAL  EQUIPMENT  CONFIGURATION 


second  Generaaon  E/Minced  OxuLiimh  Process  for  the  Destruciton  o/Waurbome  Coraatmnmis 


application  or  RAYOX*  FOR  THE  REMEDIATION  OF  CONTAMINATED 

groundwater 

fhis  paper  coniauis  excerpts  from  a  presenuuion  by 
Dr.  RJ^.S.  Stevens  at  the  HasMat  Central  Conference.  Chicago.  Illinois,  tn  March  1990 


INTRODUCnON 

Until  recently,  the  remediation  ot'  groundwater 
contaminated  with  chlorinated  organic  compounds, 
(e  g.  TCE.  TCA.  PCa.  CHCI3.  PCP,  etc.),  or 
petroleum  derived  hydrocartxms  (e  g.  benaene.  ethyl 
benzene,  toluene,  xylene  or  BETX)  has.  in  large 
meosum.  been  undertaken  using  either  oir  sinppuig  or 
activated  carbon  or  a  combination  of  both 
technologies. 

Recent  regulatory  develcpmenu  such  as  the  San 
Francisco  Bay  Area  Air  Quality  R.'igulouoas  and  the 
RCRA  Land  Bans  have  resulted  in  a  greater  interest  ui 
enhanced  (‘advanced*)  oudation  piocesses  which  carry 
no  secondary  pollution  or  disposal  requirements. 

This  paper  de$cr4bes  enhanced  ostdouon  processes 
(EOP)  generally  and  some  of  the  features  which 
account  for  (he  superior  performance  of  second 
generauon  systems  like  Rayos*.  It  concludes  with 
a  discussion  of  results  obtained  10  the  remediauon  of 
a  number  of  ocuial  contomiruied  groundwaters. 

The  Enhanced  f  Advanced'3  Oxulatinn  Pmcesx 

In  (he  mtd-sevenues.  a  number  of  reporu  appeared 
dcscr.(.ing  (he  greatly  enhanced  rate  of  osidauon  (hot 
was  obtained  when  contaminated  water  with  etiher 
dissolved  O}  or  H2O2  was  irradiaied  wnh  uhraviolet 
(UV)  light.  One  of  the  first  reporu  was  given  by 
Prengie  and  co-workers  (/).  The  pnncipics  of  this 
synergy  are  now  understood  and  agi^  upon  w  broad 
terms  by  reseaichen  u  (hts  field.  Recent  discussions 
of  (he  uipic  ate  given  by  Peyton  (2),  Oore  (J)  and 
Hoigne  et  al  (<f). 

The  resulu  of  these  and  other  tnvestjgauons  have 
shown  that  (he  greatly  increased  rate  of  oiidauuo  of 
waterborne  conuminanu  obtained  with  an  EOP  was 
the  result  of  the  porucipauou  of  powerful  ustdizing 


radical  agents  such  as  the  hydroxyl  radical  (HO)  and 
the  perhydroxy I  radical 


REACrriON  RATES  OF  OZONE  .AND 
HYDROXYL 

RADICAU  WITH  CLASSES  OF  ORGANIC 
COMPOUNDS  (5) 


k.  ui  L  mole' 

>S'‘ 

COMPOUND 

O3 

OH 

Olcilns 

1 10  450  1  10^ 

10^  to  lOl* 

S-conioining 

organics 

10  (o  1.6  X  10^ 

10^  to  I0*<5 

Phenols 

10^ 

lOi^ 

N-conuuning 

organics 

10  io  10^ 

10*10  10*0 

AAmaiics 

1  to  10^ 

10*  to  10*0 

Acetylenes 

50 

10*  to  10^ 

AJdcfayda 

to 

io« 

Keionea 

1 

10^  10  10*0 

Alcohols 

10-2  to  1 

10*  to  10*> 

Alkoirea 

10*2 

106  to  10^ 

Corbotylic 

xult 

10*5  IO  10*2 

102  to  10^5 
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SOLARCHFM  ENVIRONMENTAL  SYSTEMS 


•SOL/xKCHEM  ENVIRONMENTAL  SYSTEMS 
130  Royal  Cretl  Court 
Markham.  Onlarin  LJR  OAI 
Tel  (416)  477-9242  •  Fax:  (4I6»  477-4511 


SOLARCHEM  ENVIRONMENTAL  SYSTEMS 
7320  .Smoke  Ranch  Road.  Suite  H 
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POSTTJLATED  DESTRUCTION  MECHANISM  FOR  CHLOROFORM 
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These  radicals,  once  formed,  aggressively  auack  a 
waiertx)me  conotnutant  and  initiate  a  typicaily  rapid, 
oxidadve  cascade  of  reactions,  which,  in  the  case  of  a 
hydrocartxm  or  an  oxygenated  hydrocarhon.  results 
tUumately  in  CO2  and  H^O.  If  the  contaminant  is  a 
chlorinated  organic  compound,  the  mineralization 
process  will  also  result  in  the  formauon  of  chlonde 
(C*)  ions. 

An  appreciation  of  the  reason  for  the  increased  rate  of 
decontaminaaon  otxainabie  by  enhanced  oxidation  can 
be  obtained  by  reviewing  the  dau  m  Table  I.  which 
iisu  the  rate  constant,  k.  for  the  reaction  of  O3  and 
HO  with  a  number  of  di/Terent  classes  of  organic 
compounds.  These  dau  show  that  the  rate  constant 
for  HO  attack  on  organic  compounds  is  typically  a 
million  (10^)  to  a  billion  (10^)  times  faster  than 
molecular  ozone. 

Mecaanian  of  MincnliainB 

There  have  been  a  number  of  invesugatxins  into  the 
details  of  the  chemistry  involved  in  the  enhanced 
oxidauoti  process.  The  deuiled,  step  by  step 
chemical  processes  involved  in  the  mineralization 
(i.e.  conversioo  to  CO7,  H7O  and  CP)  of  a 
conuminam  depends  upon  of  s  number  of  facuirs 
such  as  the  presence  and  concentration  of  other 
organic  and  inorganic  species  and  the  pH.  Thus,  the 
degradation  pathway  to  CO7.  H7O  and  Cl'  followed 
by  a  given  conuminant  can  vary  from  stream  to 
stream,  depending  upon  the  prevailing  conditions  m 
each  stream.  However,  the  mechanism  typically 
involves  several  steps  and  intermedinu  spncies.  even 
for  lelaiively  simpla  systema  such  those  containing  a 
single,  low  molecular  weight  conuminant  The 
reaction  mechanum  proposed  in  a  recent  piper  by 


Getoff  /(5 1  for  the  mineralization  of  chloroform  is 
presented  m  Figure  (I). 

From  this  representation  one  can  see  that  even  in  the 
relatively  suaple  situation  where  the  conuminant 
molecule  contains  only  one  carbon,  there  are  several 
steps  involved  in  mineraiizauon. 

tntwmerfiaM  ra  3v  PrnHucis 

Since  the  mtaeraliution  process  is  multistep 
involving  imennediaies.  the  question  of  convening 
one  contamraaM  into  another  (and  potentially  more 
undesirable)  contaminant  sometimes  arises, 
particularly  la  rm  generation  EOP  systems. 

Fortunately,  this  is  not  a  problem  with  second 
generation  EOP  Systems  .  /^though  imetmediaies 
(including  aoa  radical  ones)  can  and  aie  produced,  they 
are.  under  the  condHwns  prevailing  in  an  enhanced 
oxidauoa  rcacaor.  thermodynamically  unsubie  with 
respect  in  CO7  and  H7O.  In  other  words  the 
difference  in  free  energy,  dG,  between  any  possible 
intermediaie  sad  CO7,  H7O  (and  C1-).  is  always 
negauve. 

Expressed  in  Etpauon  fotm: 

H0iO2fK70 

linrmiwinKi)  ■■—•■>  CO7.H7O.Cr  dG  is -ve 

This,  of  conrie.  means  that  given  adequate  conuct 
lime.  HMermediaiet  will  themselves  be 

convened  m  CO7,  H7O  (and  Cl*  if  chlorine  was 
present  in  iu  tntgiani  ^urnaminam)  The  quesuon 
then  ames  aa  m  wnas  are  the  typical  lifeumes  of  the 
intetmcdiase  species  produced  under  the  prevailing 
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condiuons  found  in  3  second  genenuon  enhanced 
oxidation  system  like  Rayox*.. 

Typically  the  lifetimes  of  many  of  the  inteimediaies 
involved  in  an  enhanced  oxidation  process  would  t« 
very  shott.  generally  less  than  a  millisecond  (lO'^s). 
This  is  panicularly  true  of  the  radical  species,  many 
of  which  would  have  a  lifetime  less  than  a 
mtoosecond  ( lO*^) 

The  lifetime  of  any  non-radical  by-products  or 
inteimediaies  would  be  a  function  of  the  concenoatioo 
of  the  various  oxidizing  species  in  solution  (e.g. 
HO*.  HO2*.  O3  etc.)  and  the  rate  constant  for  the 
reaction  between  the  oxidant  and  the  compound  in 
question.  Maihemaucally  this  can  be  expressed  as : 

where: 

Xx  «  lifetime  of  contaminant  x 

kxa  pseudo  fust  order  rate  constant  for  the  decay  of  x 

ki « rate  constant  for  the  reaction  between  X  and 
radical  oxidizing  species  Ri 

[R)  *  concentration  of  the  radical  oxidizing  species 
present  (e.g.  HO) 

For  example,  even  if  the  by  product  was  relatively 
refractory  such  as  a  carboxylic  acid  (e.g.  fonme  acid) 
then 

X»110^L  X  10'^  moles  I'*  •  10$ 

(  mole.s  L  ] 

where  (he  following  assumptions  have  been  made: 

•  ki  •  \0\  (firom  Table  1) 

mole-s 

•  (HOI  *  steady  state  concenuaiioa  of  the  hydroxyl 

radical 

■  (lO*^  molesl 
L 

•  that  die  HO  radical  is  the  only  oxidant  reacung 
wiih  the  caitoxyiic  acid  ui  question 

In  the  above  example,  the  concentration  of  the 
carboxylic  acid  would  deciease  by  a  factor  of  (i/e) 
(-0.37)  every  lifettme.  or  every  10  lecowts.  If  the 
bypnx^t  reacted  mote  quickly  (i.e.  had  a  iaigerraie 
constant Jt)  with  die  oxidanu  in  solution,  or  the 
concenuauan  of  the  oxidizing  species  wen  higher. 


(hen  the  lifeume  of  the  uiiermediate  would  be  further 
reduced. 

From  the  foregoing  discussion,  it  can  be  seen  that  the 
concenoauon  of  any  imennediaies  or  by-pnxiucts  that 
might  be  formed  as  a  result  of  the  HO  attack  on  the 
onginai  compound,  cao  be  reduced  U)  whatever  levels 
desired  by  simply  ensuring  that  the  contact  or 
residence  ume  is  sutTictenUy  long  to  achieve  the 
target  discharge  criteria  V.liat  is  usually  observed  m 
practice,  however,  given  the  highly  reactive  nature  of 
the  radical  oxidizuig  species  genen^  in  the  enhanced 
oxidation  process,  is  that  the  contact  times  needed  to 
reduce  the  concentration  of  the  initial  contaminants  10 
target  discharge  values,  also  results  in  a 
satisfacuirily  complete  destruction  of  any 
iniermediatfs  or  by-peoductt. 

As  a  result  of  this  near  complete  mineralization 
('desuuction*)  of  any  waterborne  organic 
coniaminanu.  the  use  of  enhanced  oxidation  for 
groundwater  remediation  means  that  there  is  vutuaily 
never  a  secondary  or  downsotam  disposal  or  handling 
problem. 

RavQ««.  ■  A  Second  Generation  Enhanced  Oxidation 
Process 

>\ldiough  enhanced  oxidation  has  been  found  to  be  a 
highly  effecuve  method  of  remcdiaiing  a  broad  range 
of  contaminaied  grouadwaiets.  earlier  embodimenu  of 
the  technology  have  had  limited  success  in  cost 
effecavely  destioying  seveiai  of  the  moic  refractory 
waterborne  coniaminanu  such  as  CCI4.  CHCl}, 
TCA.  DCA.  fixed  cyamdes.  Freon,  etc. 

The  reason  for  this  lelativciy  limited  success  is  rooted 
in  the  (act  that  ihe  me  consunt  for  HO  attack  of 
these  compounds  u  relatively  small.  Examples  of 
some  more  refnetoty  compounds  ate  given  in  Table 

2. 


REACTION  RATE  CONSTANTS  OF  HYDROXYL 

RADICALS  WITH  SELECTED  REFRACTORY 

COMPOUNDS 

Compound 

k  (L  molc-U‘>) 

ecu 

1.3  X  10^ 

CHCl  3 

8.S  X  10^ 

TCA 

7x  10* 

DCA 

1.6x10** 

Freon  113 

-6  X  IQ5 

ruble  2 
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From  Table  2  il  can  be  seen  that  'k'  for  the  reaction 
of  HO  with  TCA  is  -lO^L  mole'* s'*  which  is 
approximately  10*^  that  for  TCE.  Thus,  all  other 
things  being  equal,  it  would  take  100  times  the 
contact  time  to  achieve  the  same  level  of  TCA 
desaucacn  ys.  that  needed  for  TCE. 

This  likely  explains,  in  large  measure,  why  first 
generation  enhanced  oxidation  systems  have  had 
limited  success  in  achieving  satisfactory  rates  of 
destruction  of  these  mote  refractory  compounds  f7) 
i.e.  these  systems  rely  almost  exclusively  on  radical 
(OH*)  driven  destruction.  With  Rayox*..  however 
the  contact  times  required  to  treat  refractories  like 
TCA  ate  typically  only  3*5  times  that  needed  for 
TCE 


Destnictinw  of  Refractory  Comootinds  with  Eavoxh. 

To  illustrate  die  powerful  deeamafflinadoo  capability 
of  Rayos*..  some  typical  results  for  the  destruction 
of  sev^  refractory  comaminana  aie  given  below; 

Figure  (2)  shows  the  results  for  the  reduction  of  the 
chloroform  from  about  30  ppm  to  less  than  0.1  ppm. 
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Figure  2 


Figure  (3)  gives  some  res*ilu  for  the  reduction  of  the 
TCA  conceninuion  fiom  about  2000  ppb  to  less  than 
S  ppb. 
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Figure  J 


Fguie  (4)  pmsemi  resnJts  showing  the  reduction  of 
Freon  from  abnm  100  ppb  to  less  than  10  ppb. 
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Figure  4 


For  each  of  dm  ahnwe  examples,  even  lower  discharge 
criteria  coaU  emiy  be  achieved  by  simply  increasing 
the  Rayox*.  dam. 

BxvbxS.  0am 

The  term  *dme*  is  defined  u  the  summsiion  r,f 
letnediaung  ienmi  imo  the  comaminaied  water  such 
as:  the  amaem  ef  Kghi.  peroxide,  or  propneiary 
addiuves  per  mm  velameof  water  ueaied.  This  dose 
is  proportwa^  •  com.  hawevet.  i:  should  be  noted 
dim  the  reselm  gwee  m  dm  abaec  flgwes  have  not 

Rayea*.  dam  ■  a  gime  figme  is  not  necessarily 
equm  to  a  dmnmm  mmarnerfigme.  This  is  because 
the  cost  at  dm  mOcrern  wpem  (pbotons.  peroxide. 
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Figures 


adiiUives)  U  differem  and  the  opumum  conttgtuaua* 
of  inpuu  vanes  from  one  type  of  coaumntaied  soeaia 
to  the  other. 

Wlui  the  above  resuiu  do  unequivocally  demonsuaic 
IS  that  Rayos  con  destroy  even  the  most  refractory 
waterborne  contaminants  and  can  achieve  virtually 
any  discharge  oiieru  that  might  be  set 


performance  can  be  seen  from  the  resuiu  shown  in 
Figure  6A.  From  acuial  neaunent  results,  the  dioxane 
conccmiaiiow  remaining  aAer  a  dose  of  three  in  reacior 
3  iS  roughly  one  half  that  remaining  in  reacior  A. 
Since  dose  u  profnmooai  to  cost,  it  can  be  seen  ilua 
the  opeiauonai  cosu  involved  with  achieving  the 
discharge  conceairaiion  obtained  with  3  dose  uniu 
-0.2  ppm  with  reacior  B  would  be  approximately 
33%  more  with  leactor  A  (i.e.  4  dose  uniu  with  A  ^ 
3  uotts  wtih  B) 


<  A  System  Design  that  allows  for  Vartable.  Multi* 
stage  Tteaimenc 

•  A  Unique  Rsacior  Design  Which  Enhances  Mass 
and  Radianan  Transfer. 

•  The  Prophetaiy  Sotaichem  Lamps,  and 

•  The  ENOX  Additives. 

Figure  (S)  shows  that  .  the  basic  Rayoa*.  water 
decontaminauan  system  typically  consisu  of  a  senes 
of  annular  rcaciorCs)  complete  with  a  lamp,  a  quanz 
sleeve  u>  protect  the  lamp,  a  tnuumiiiance  comrolier 
to  keep  the  quaru  sleeve  clean,  a  variable  iengiJi 
annulus  for  water  Row,  and  a  stainless  steel  outer 
wall.  This  design  faciliuies  vanable,  multistep 
ircaimcnt  and  efficicm  mass  and  radiation  transfer. 
The  importam  beating  reactor  design  has  on 
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Figure  6A 
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The  SoUichem  lamps  are  high  intensity  UV  light 
sources  which  have  particularly  strong  output  in  the 
photo- active  absorption  bands  of  most  waterborne 
contaminants.  Powers  100-200  times  those 
obtainable  with  low  pressure  mercury  arcs,  typical  of 
fust  generation  enhanced  oxidation  systems,  are 
attainable  with  the  Solarchem  Lamps. 

This  substantial  etihatKexiient  in  effective  power  with 
the  Solarchem  lamps  translates  into  smaller,  simpler 
Rayox*.  systems  for  a  given  throughput  capacity. 
This,  of  course,  becomes  critically  important  for 
larger  throughputs,  e.g.  >  100  gpm.  or  for  more 
refractory  contaminanu  such  as  TCA  which  require 
higher  UV  dosages. 

The  imponancs  of  the  choice  of  UV  lamp  can  be  seen 
by  reviewing  the  results  given  in  Figure  (6B).  in  this 
figure,  results  are  shown  for  the  destruction  of 
waterbome  dioxane  as  a  funetian  of  dose  using  two 
different  Solarchem  lamps.  These  dau  show  that  the 
cost  of  achieving  a  discharge  concencnbon  of  I  ppm 
with  lamp  B  wouid  be  roughly  30%  that  for  lamp  A 
with  this  paractilar  compound. 

Generally  then,  it  is  important  to  achieve  a  judicious 
match  between  the  tamp  emission  speetnun  and  the 
photo-active  absorption  bands  of  the  target 
coniamiiuuitfs),  as  (his  can  create  a  significant  new 
contaminant  destruction  channel  i.e.  photolysis  or 
photodecomposition  of  the  contamiiuM. 


rai  EfFECT  or  DimUENT  SOUBCHEM 
UMPS  ON  DIOXANE  REMOVAL 
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figure  63 


A  step  by  aep  reaction  mechanism  for  the  photo 
initiat^  dtsannenon  of  waterteome  CHC3  is  given  in 
Figure  (7).  As  with  HO  attack  on  CHCI3. 
photolyskiesahs  in  the  formabon  of  a  radical  species 
(•CHCI2)  whiich  is  WMsformed  via  a  muliistep 

process  iam  0>2,  HtP  and  Cr. 


POSTULATED  PHOTOCHEMICAL  DECRAOTON  MECHANISM  OF 

CHLOROFORIi|(6> 

ho  O2 

CHCL3  -*  ‘CL  >  •  CHCLg  -* 

AH' 

CL2CHO2*  -»  CLgCHOj- 

iH^O 

HCL  ♦  HCOOH 

CLCHO  ♦  HCL  ♦  ‘OH 

1  'OH/O2 

IH2O2 

COj  r.  H^O 

*OH«2 

♦“  HCOOH 

figure  7 


The  final  factor  contributing  to  Rayon's*,  superior 
performance  is  the  use  of  Solarchem  s  proprsetary 
ENOX  additives.  These  additives  enhance  the  rate  of 
coniaminam  destruction  by  enhancing  the  rate  of 


radical  hHMann  or  the  effieieney  of  radical 
utilization. 

The  exnnninary  enfeeneenm  in  decomaminatinn 
efTicieney  obanni  by  oaing  ENOX  can  be  seen  from 


-6- 


sotjauanwnnnoiiwp<r*L  systems 


ihe  dau  in  Figun  (8).  wherein  the  concenmuoa  of 
benzene  in  water  is  plotted  on  a  function  of  Rayox*. 
dose.  From  Figure  (3),  it  can  be  seen  that  the  use  of 
ENOX  310  results  in  a  cost  one  quarter  (1/4)  of  that 
required  for  UV/peroxide  alone  to  achieve  a  final 
benzene  concentrauon  of  1  ppb  from  an  initial  value 
of  about  9000  ppb. 


Dciiructloa  of  8«iu*m  ta  8TX  MizBira 
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Figure  3 

Groundwater  Remediation  Using  Savox*. 

Figure  (9)  shows  a  typical  transpoiublc  Kayos*, 
unit.  This  unit  is  capable  of  processing  up  to  30 
gpm  with  the  actual  treauneoi  capacity  betog 
dependent  on  factors  such  as  influent  comai*'’  mt 
concentrations,  alkalinity,  discharge  cnieria.  ew.  in 
most  of  the  customer  situations  desenbed  below;  a 
unit  similar  to  this  was  used  to  develop  the  preferred 
ffeaunent  approach  and  fuial  system  design. 


The  chemical  analysis  in  the  work  cited  below  were 
usually  performed  by  either  the  customer's  in  house 
laboratory  or  by  an  independent,  extenial  laboratory 
hired  by  (he  customer.  The  analytical  methodologies 
used  were  typically  GC  or  <jC/MS  based  with  work 
up  and  operating  conditions  tailored  to  the  analysis 
being  iindenakcn. 

1.4  OiOMBC 

Dioxane  is  an  excellent,  water  miscible  organic 
solvent,  with  a  wide  range  of  industrial  appticauons. 
Unfonunately  past  process  wastewater  management 
practices  i.e.  lagoons  have  resulted  in  the 
contamination  of  some  groundwater  aquifers.  For 
example,  a  Michigan  manufacturer  inadvertently 
cootamtnaied  an  aquifer  beneath  one  of  its  factiiues 
with  up  u)  130  ppm  of  dioxane. 


The  results  shown  in  Figure  (10)  demonstrate  that 
discharge  concentrations  of  <2  ppb  (99.999-i-% 
desmictioa)  are  readily  achievable  with  Rayox*.. 


Inadnquaie  wame  handling  practices  have  resulted  m 
the  comanhnauon  of  sod  as  well  as  the  aquifers 
under  a  ranior  PCS  sionge  facility  in  Smithville. 
Onuno.  The  Omneio  Minisey  of  the  Environmem 
wanted  to  achieve  if  a  dtscha^e  concenuauen  of  less 
than  ^  ppi  (niBihad  (teecaon  limit).  The  iieaimem 
resuhs  shown  in  Figure  (II)  demonsnate  that  the 
<20  ppi  urget  ms  readdy  auained. 


Figure  9 
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The  grotBidwater  under  a  New  Branswkrk  Department 
of  Transport  fueltnf  station  in  New  Brunswick  had 
become  contaminated  over  the  yean  with  BETX.  As 
con  be  seen  from  the  data  in  Figure  (12).  benzene  was 
reduced  tnwn  about  80  ppm  to  I  ppto.  As  benzene  is 
the  most  refractory  of  BETTI  fraciion.  the  other 
contaminants  (ETTI)  were  reduced  to  even  lower 
concentnuions. 


Sunnyvale,  California.  The  contaminated 
groundwater  also  contains  other  chlorinated  paraffins 
and  olefins  bo:  the  customer  and  their  consultant  were 
especially  tmerested  in  Rayox's*.  ability  to 
decontaaiaaK  groundwater  containing  TCA  at  a 
conceniraiun  of  a  few  ppm.  Although  TCA  is 
rehuctory.  dw  resalts  sho«m  in  Figure  (13)  clearly 
demonsne  Rajm's*  abtliiy  to  destroy  waterborne 
TCA  and  ackaeve  the  design  discharge  entena  of  less 
than  S  pph. 


ttSWVU.  Of  TCA  W  CONTAMINATED 
GROUNDWATER 
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A  major  Canadian  wood  treating  firm  has  PC7 
contaminsied  yuaniiii  iter  at  one  of  its  plants  in  New 
Brunswick.  The  concenuaiion  of  the  PCP  in 

the  ground wsf  ts  abous  5  ppm  and  the  discharge 
criteha  wn  set  si  less  than  10  ppb.  The  results 
shown  in  Rgare  (14)  prtm  that  this  target  was 
easily  aclueved. 


ISlNOVAt  or  refTACRLOROniENOL  IN 
C0NTAM8IATE9  CROUNQWATtl 


Figure  12 

Another  point  worth  noting  was  that  no  ozone  wu 
used,  so  there  was  no  off  gas  with  stripped  BETX  to 
treat.  In  some  ftrst  genentioa  enhanced  oxidsoon 
systems.  O3  is  used  as  a  HO  source,  with  the  result 
thai  a  significant  quantity  of  any  volatile  conumituiH 
«ill  be  air  stripp^  due  to  the  targe  gas-liquid  rauo 
involved  with  such  systems. 


In  Rgure  (13).  results  are  shown  for  the  destrucuon 
of  TCA  in  contaminated  groundwater  at  a  sue  in 
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Figure  14 
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After  processing  by  Ray  ox*.,  the  ucated 
groundwater  can  be  directly  discharged  to  a  nearby 
nver.  Even  more  sinngeni  discharge  criteria  could 
easily  be  mei  by  simply  increasing  the  Rayox*. 
dose  applied  to  the  contaminated  groundwater. 

A  noteworthy  benefit  of  using  Rayox*.  to 
decontaminate  groundwater  containing  PCT.  is  that 
there  is  no  secondary  disposal  or  handling  problem  to 
deal  with  as  a  result  of  this  treatment.  This, 
course,  is  especially  important  for  coataminants  tike 
PC?  which  often  contain  small  amounts  of  dioxins 
or  furans  and  represent  a  serious  disposal  piobtem  if 
sorbed  onto  carbon.  Also  regenetauon  of  PCP  laden 
carbon  is  becoming  increasingly  difficulL  Thus,  the 
use  of  a  destruction  technology  like  Rayox*.  offers 
considerable  advantages  for  the  remediation  of  PC? 
contaminated  groundwater. 

A  number  of  other  examples  could  be  cited  where 
Rayox*.  is  becoming  the  treatment  system  of 
choice  for  on  site  remediation  of  groundwater.  The 
dau  presented  here  are  meant  to  be  only  illustrative  of 
the  breadth  of  application  and  the  powerful 
remediation  capacity  of  the  Rayox*.  technology. 

With  iu  significant  performance  advanuges  over 
earlier  enhanced  oxtdauon  equipment,  and  over 
traditional  non-desouctioa  techniques,  it  is  suggested 
that  those  with  a  conummated  groundwater  problem 
consider  its  many  benefus  which  include: 

.  Virtual  zero  discharge  aflainiiMr,  at  reasonable  cast 
99.99^%  coniamtnaat  desuucuon 

•  No  secondary  disposal  problemi 
'in  stream'’  cuntaininani  lesuucuon 

•  Oe-toxiTies  toxic  effluem  sucams 

Rayox*. -ueaifid  output  passes  biological  loxtcity 
lesu  di  HPLGCC  loxtciiy  scaru 

>  Broad  speemtm  applicabiliiy 

virtually  all  organic  compounds  including 
refractories  such  as  CCla,  TCA.  CHCI3  OCA. 
etc.  as  well  u  fixed  cyanides,  hydratmes  and 
nitrosamiries 

•  Highly  automated  system 
requires  essentially  no  operator  time 
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•  Very  versatile  system 

capacity  can  readily  be  uimed  iqt  or  down 
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ABSTRACT 

The  use  of  highly  efficient  UV  lamps,  effective  lamp 
cleaning  apparatus  and  on-line  conuol  of  the  addition 
of  chemical  additives  are  the  characteristics  of 
Solarchctn  s  Rayo**  process,  which  involves  the 
photolysis  of  II2O2  and  other  additives  to  achieve 
virtual  destruction  of  organic  pollutants  in  waste 
streams.  Industrial-scale  treatment  includes  chemical 
process  cmucnl  and  contaminated  ground  water,  litis 
UV-based  treatment  process  is  also  discussed  in  tcniis 
of  the  mechanism,  possible  intermediates  and 
ultimate  product.'.. 

There  arc  some  pollutants  (e  g.,  chloroftwm)  that  .are 
refractory  and  treat  very  sittwiy  with  tlie  conventional 
UV  osidaiion  treatment.  Recently  Snlarchem 
introduced  a  new  process  (R.T_yns'^-R)  th.at  has 
proved  to  be  very  effective  in  the  removal  tif  dicse 
refractory  pollutants.  E.sainples  of  Rayos'^-R 
treatments  are  prescntc<l  and  mechanistic  details 
discussed. 

l£iI.RUI?UL'TlVN 

Pliotocliemical  degrarbtion  pnx:es.scs  IcallctI  nnh.Tncc«l 
Oxidation  PrrKCSScs  (EOP)|  have  almost  exclusively 
been  l^scd  on  nxidaiive  reactions  initiated  by  very 
reactive  radicals,  such  as  hydroxyl  radicals  (•OH), 
which  are  ustially  g'*neraicd  by  the  plurlolysis  of 
hydrogen  peroxide  nr  orone.  lltc  hydroxyl  mdic.al 


attacks  organic  pollutants  and  initiates  a  cascade  of 
oxidative  reactions  leading  to  mineraliration  of  the 
organic  pollutants.  EOP  systems  have  had  good 
success  in  the  treatment  of  waters  containing 
pollutant,  such  as  aromatic  and  olcfinic  compounds. 
However,  there  are  strnie  pollutants  that  are  difficult 
to  treat,  .such  as  halnalkancs  and  certain  aliphatic 
ketones,  and  some  companies  have  experienced 
process  difficulties,  such  as  fouling  of  the  lamp 
sheaths  and  low  UV  light  efficiency  of  lamps. 

Since  I9R9  Snlarchem  has  been  marketing  their 
enhanced  oxidation  process  (Rnyox*)  and  now  has 
over  30  full-scale  industrial  installations  in  North 
America.  Eurofc  and  Australia  treating  a  wide  variety 
of  waste  streams,  including  contaminated  ground 
water  (e.g.,  NDMA,  BTEX.  1,4-dioxanc),  industrial 
proce.ss  water  (e.g.,  BTEX,  chlorinated  solvents. 
cxpli>sives)  .iml  steam  distillate  from  the  regeneration 
of  GAC  columns  (e.g,  MEK  and  toluene). 

Over  tlie  past  three  yean  Solarchem  Itas  carried  out  an 
extensive  development  program  to  bring  on-stream 
emerging  technology  to  improve  its  treatment 
approach,  litis  has  involved  not  only  cnhaiKement.s 
of  prrxTSS  dependability  and  efficiency,  with  the 
introduction  of  improved  lamps,  power  supplies  and 
quart/  lamp  sleeve  cleaning  systems,  but  also  the 
ability  to  treat  refractory  pollutants  and  pollutant 
mixtures,  with  the  inutxluction  of  new  processes  such 
as  UV  reduction  (Rayoi^-R).  In  this  paper  we 
outline  this  emerging  UV  treatment  technology  with 
examptes  of  each  improvement.  Solarchem  has  10 
patents,  issiieil  or  applied  for,  covering  these 
(IcvcIotxncnLs. 
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ENHANCED..  QXWATWH.JimCESSES. 

Enhanced  Oxidation  Processes  (EOPHalso  called 
Advanced  Oxidation  Pmeesres  (AOP)|  arc  capable 
of  converting  pollutants  in-o  harmless  chemicals. 
They  are  called  oxidation  proc?«scs  because  they 
promote  reactions  that  bring  afxtui  a  nearly  complete 
oxidation  (or  mineralixation)  of  pollutants  to  yield 
HCO3  *.  H2O  and  5  small  amount  of  acid  from  any 
halogens,  nitrogen  cr  sulfur  present.  For  example. 
2.4-dichlorophenol  {C$H40Cl2)  reacts  according  to 

C6H4OCI2  +  5H20  +  6  02  -» 

8  H*  ♦  6  nC03  -  +  2  Cl¬ 
in  some  cases  the  UV  light  is  ab.sorbcd  directly  by  the 
pollutant  {e.g.,  N-nitrosodimcthylamine  (NDMA)| 
leading  to  its  oxidative  degradation.  However,  in 
most  cases  a  UV  absorber  must  be  added  to  initiate 
the  mineralisation  reactions.  Tlie  principal  ahsorltcrs 
utilised  have  been  hydrogen  peroxide  and  ozone. 
H2O2  undesgors  the  pliotolysis  rcactirm 

hu 

H2O2  - -  2  -OH 

at  wavelengths  below  -320  nm  widi  a  quantum  yield 
of  about  1.0  per  *011  radical  generated.  Since  H2O2 
absorbs  much  more  strongly  at  .snorter  wavelengths 
(<230  nm).  this  additive  is  particularly  suited  to  tire 
spectral  output  of  Solarchcm  s  UV  lamps. 

Ozone  also  pliotolyzes  to  eventually  yield  •OH 
radicals:  however,  (he  efficiency  is  not  as  high  .is 
with  H2O2.  ami  there  is  the  addcrl  capimf  cost  of  .w 
ozone  generator.  However,  tlicre  are  situations  where 
ozone  is  the  preferred  .iddiiive,  especially  where  Oj 
can  react  directly  with  the  pnllm.ini. 

Once  *011  rarlicals  are  gcncratcil,  from  whatever 
.source,  they  rcarlily  aii.ick  m*»st  organic  pollutams. 
Aliphatic  crnnpmmds  rcaa  by  hytirogen  .ibstraction  to 
yield  water  and  an  organic  radical;  arrmiaiic  and 
oicnnic  compoowfs  react  by  addition  of  the  *011 
radical  to  double  hands.  The  resitliing  organic 
radicals  then  react  mpidly  with  dissolved  oxygen,  imt 
a  sequence  of  largely  auirKaiaiyiic  spomanerms 
oxidative  reactions  is  initiated  Ic.iding  utlimaiely  tn 
complete  mineralization. 

Tfie  treatment  rate  for  a  given  pnlluiani  (or  mixture  nf 
poiluianLS)  can  vary  considerably,  depending  on  die 
pollutant  composition,  llic  turbidity  of  (he  water  ami 
any  inhibitors  tl.at  might  he  present.  Thus 
Solarchcm  has  found  it  useful  (o  introduce  a  'figure 
of  merit',  called  the  Electrical  Energy  per  fHder 
(EE/O)  to  evaluate  EOF.  .Since  the  rare  of 


pliotndcgradation  of  a  pollutant  usually  follows  first- 
order  kineiics.  this  means  that  every  decade  ii 
reduction  of  pollutant  concentration  requires  the  same 
time  and  hence  the  same  amount  of  UV  irradiation. 
Thus  the  EE/O  is  defined  a.s  the  electrical  energy 
oiquired  to  reduce  die  concentration  of  a  pollutant  by 
one  order  of  magnitude  in  1000  US  gallons  (3785  L) 
of  water.  In  favorable  ca.ses,  the  EEAD  can  be  as  low 
as  2-5:  a  large  variety  of  pollutants  treat  with  EE/O 
values  in  the  range  10-15:  however,  there  are  some 
pollutants  (haioalkanes,  some  aliphatic  ktaones.  some 
nitroaromatic  compounds)  that  are  difnctiil  to  treat 
having  EE/O  values  from  20  to  over  100.  The  EE/O 
may  be  calculated  from  die  equations;^ 

/*  X  (f  /60)  X  3785  (Batch 
EEIO  =»  . . . .  Experiments) 

V  X  log  iaicf) 

P  X  I  tXX)  gallons  (Row  through 

EElO  a  ...........  . . .  Experiments) 

/?  X  60  X  log(c,  /e/) 

Where  P  is  the  lamp  power  in  (kW),  t  Is  the 
irradiation  lime  (in  minutes),  V  is  the  reactor  volume 
(in  litres),  it  is  the  flow  rate  (in  gal  min  *  •).  and  a 
and  are  die  initial  and  linai  concentrations  over  the 
irradiiion  time.  The  EE/O  values  are  related  to  the 
first  order  rate  constant  if)  (min'*)  by 

145.25  /’ 

EEIO  «  - 

V  X  kf 

Ilic  EE/O  v,iliics  can  increase  considerably  widi  the 
presence  of  p.irticulaie  matter  and  inhibiione  and  with 
process  comliiinns.  such  as  flow  rate.  Some  of  tfie.se 
factors  are  aildrcssed  in  tliis  paper.  Many  EOF  and 
AOF  results  are  now  given  in  the  literature  and  at 
cmtfcr<.nces,  hut  the  lack  nf  standard  reporting 
conditions  makes  cnmparisnns  diffkutt.  We  .strongly 
recommend  (h,it  a  enmman  evtrfuadon  mraswe,  such 
as  EEA),  he  adopted. 

gjKESX  JMt.mYJEliEHlS 

/.  UV  Lmfis  md  Power  Siiffplies: 

Most  UV  phntodcgradaiinn  pr<y;es.se.s  occur  with  the 
ahsorpifcit  of  UV  light  in  the  200  •  300  nm  nmge. 
However,  commercialty  available  ht^  power  UV 
i.imps  have  an  energy  efTiciency  of  ordy  -15%.  In 
co-operation  wMi  nur  Itnnp  suf^kv.  we  have  been 


30 


able  to  improve  this  cfncicncy  to  over  30%.  with  a 
substantial  output  below  240  nm.  where  many 
pollutants  absorb  UV  directly.  As  an  example. 
Figure  1  comprres  the  treatment  under  identical 
conditions  of  pollutant  concentration,  flowrate  and 
temperature  of  1,4-dioxanc,  dichloromclhanc.  and 
pentachlorphcnol  with  Solarchcm  s  I  kW  tamp  and  a 
commercial  450  W  medium  pressure  mercury  lamp 
As  can  be  seen,  itic  efficiency  of  Solarchcm's  lamp  is 
two  to  three  times  greater  than  the  standard 
commercial  lamp,  even  when  allowance  is  made  for 
the  different  electrical  powers.  Rayox'®  systems  use 
these  lamps  in  5.  10  and  30  kW  sires.  N(*tc  also 
that  dichloromcUtanc  trc;  s  most  slowly.  This  is  one 
of  the  refractory  polluta>.;.s  that  we  address  in  the 
section  on  RayoK®-R.  Figure  2,  showing  UV 
absorption  spectra  of  several  typical  pollutants  from 
200-300  nm  demonstrates  v  hy  an  effective  F.OP 
treatment  is  enabled  by  a  lamp  with  correctly  placed 
UV  emission. 


1,4-dlo«  dichtofo-  penta- 

•ane  mettiane  chloro- 

phenol 


riffure  I 

Compari%nn  of  invfrxt  F.EK)  values  {lower  F.EK) 
means  more  effirient  irealmeml  for  a  rommereini 
<{50W  medium  pressure  llj(  lamp  and  a  I  kW 
Solarehem  lamp 


wavelength/nm 


Figure  2 

UV  absorption  specira  of  several  typiral  or)(anic 
pollutants. 


Fnitanced  oxidation  is  an  energy  intensive  method  of 
w.atcr  treatinem.  Use  of  an  energy  efficient  power 
supply  h?:  positive  consequences  on  the  operating 
costs  of  commercial  systems  For  this  reason. 
Solarchem’s  developmental  efforts  on  lamp  power 
supplies  have  centered  on  achieving  an  excellent 
match  hclwcen  the  inductive  load  represented  by  the 
lamp  and  the  power  supply  (referred  to  in  some 
litcratiirc  as  the  ballast).  Over  90%  of  the  maiiiS 
power  delivered  by  tire  jiower  supply  is  received  by 
the  lamp.  Power  factor  concction  produces  a  power 
factor  better  ilwn  0.9,  thus  avoiding  a  potential  low 
power  factor  surcharge  by  the  utility. 


2 .  UV  Reactor  and  Transtmiiance  Controller: 

Tlie  Raynx*  reactor  has  a  .single  UV  lamp  at  the 
center  separated  fmm  the  water  by  a  cylindrical  quartz 
sleeve.  A  typical  flow-through  configuration  for 
three  reaettHS  is  shown  in  Figure  3.  The  use  of 
multiple  reactors  in  scries  introduces  'he  possibility 
ih.at  each  one  can  use  a  different  HOP  or  UV  reduction 
trcatmcni.  A  further  description  of  some  applications 
of  this  feataic  is  given  in  the  scetinn  on  Rayoi*-R. 
’’‘'ith  this  type  of  reactor,  fine  ctnitrol  of  addition  of 
reagents,  including  hetween-reactor  injection,  iS  ' 
en.ahicd.  Injection  rate  of  reagenU  such  as  hydrogen 
peroxide  or  of  .-rmprietaiy  additives  is  one  key  to 
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obtaining  optimum  performance.  A  UV  patii  length 
approprate  to  the  specific  absorbance  characteristics 
of  the  water  is  the  ideal  way  to  obtain  maximum 
utilization  of  photons.  Rayox*  reactors,  varying  in 
path  length  from  about  3“  to  8",  can.  when  required. 


be  grouped  together  in  the  same  treatment  train.  For 
waters  of  very  high  absorbance,  mixing  techniques 
direct  the  water  to  the  space  immediately  adjacent  to 
the  quartz. 


Figure  3 

flow  ihrouifh  con/ijfuration  for  a  3-reaetor  Koyox’^  ryvein.  Tfv  tmirrattd  wr 'fe  wottr  enien  on  the  left  and  is 

discharged  ax  treated  water  on  the  tight. 


Referring  again  to  Figure  3.  note  a  vertical  iube.  off 
center  and  just  below  each  reactor.  This  represents 
the  patented  cleaner  (called  transmitlnnce  controller) 
for  the  quartz  sleeve  around  the  lamp.  This  device 
consists  of  a  coneenuic  stainless  sttcl  brush  assembly 
that  is  automatically  driven  over  the  surface  td  the 
quartz  sleeve  by  a  pneumaticaJiy  driven  impeller. 

UV  light  catalyzes  the  deposition  of  metal  oxide 
coalings  on  the  quanz  sleeve.^  Iron-contarning 
groundwaters  are  a  particular  problem.  Without  the 
trafismillancre  controller,  treatment  efficiency  may  he 
very  good  at  first,  but  deteriorate  over  a  periml  of 
weeks,  months,  or  even  days. 


Figure  4  illustrates  two  quartz  sleeves  exposed  to 
iron-containing  groundwater.  The  one  widmitl  die 
transmittance  controller  severely  blacks  die  UV  after 
less  than  6  hours  of  treatment.  Rgare  5  shows  die 
performance  of  a  Rayox*  growtdwater  installation, 
running  at  500  gpm,  for  32  weeks.  This  was 
possible  only  as  a  result  of  die  instailMion  of  the 
traHsriHtiaBceamtrrdler  on  each  reactor. 
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FijMf*  4 

rholoffryth  of  quortt  tIefKfx  mrtiniitinr^  in  it 
Itafox'^  rfitrwr  nhrre  on  iron  rnnioininf 
lf'etund»‘oier  wot  ireaied  Ihf  rrarior  <nih  ih»  tle«\Tt 
on  iho  left  optroifd  for  lett  than  H  hours  wtihoui  ihe 
irantmiiianre  ronirolle'.  >ht  tieeve  on  the  rifhi  romt 
from  a  rrorior  with  on  optroiinq  irontminonre 
foniroller  csfitr  mnrr  iKtn  hours  of  treatment 


FiRBre  5 

Operaiinf  retults  for  a  Rofot^  ffroundwoier 
inttoilanrm  equipped  niih  a  irim.tmitionre  controller 

Figure  6  «  t»  illu^minn  of  a  9  rcaclot  Rayoi* 
innaHatirNi  Each  icactm  contains  a  Solarcbcm  ?n 
kW  lanif.  artth  pre»»c*  stifftfy  adjacent  to  the  fcaciof. 
Note  the  amstcr  ennimi  unit,  on  the  First  skid  of  three 
rctciOTS  The  entire  system  is  fully  automated  and 
failsafe  hi  this  system,  the  most  common  Rtyna* 
reactor  stre.  14'  diameter  is  used 


rfgBrv  < 

rhotofroph  rtf  a  9  reortor  Kmymt^  inttollotiom  mnmnied  on  three  tktdt. 
wuh  the  motter  rontrrd  unit  im  the  firp 
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Rayox'^  Process: 


exceptionally  hip.h  iron  contort  of  the  water,  i.e.,  100 
ppm. 


Ray  ox*  is  the  most  mature  of  treatment  processes 
that  Solarchem  offers.  In  a  typical  flow  through 
installation  5-100  gpm  of  contaminated  water  is 
passed  through  1-3  30  kW  UV  reactors,  llydfogcn 
peroxide  and  other  proprietary  (ENOX)  additives  arc 
injected  into  the  water  before  die  first  reactor,  awl  in 
some  cases  in-between  reactors.  Efficient  mixing 
baffles  assure  that  the  UV  light  reaches  all  p.iris  of 
the  solution  equally. 

Figure  7  illustrates  the  application  of  Raynx* 
technology  to  a  groundwater  contaminated  with 
nitrosodimeihylamine  (NDMA).  In  this  case,  no 
additives  arc  required  as  NDMA  undergoes  direct 
photolysis  with  an  excellent  EE'O  value  of  2,5.  As  a 
result  of  local  hydrogeology,  the  influent 
concentration  of  NDMA  spans  at  lca.st  one  order  of 
magnitude.  Typical  treatment  results  show  that  tire 
first  order  rate  constant  of  the  EOP,  i  e..  slope  of  the 
graph,  is  independent  of  the  initial  conccninitioo. 


Figure  7 

Rayox*^  ifiomerrt  tt  groundwtHer 

rnntmninff  JOOO  pfrt  of  Nnhrosn- 

dimrthylnmine  (NHMA )  Ths  proms  dors  nor 
require  tiny  addirivrs. 

Figure  H  gives  an  example  nf  the  use  of  Rnyox*  to 
treat  an  industrial  prrKess  water  containing  V(X“i 
Iprincipally  trichloroethylene  (TCF.).  1.2 

dichlorocthyirne  ffX.'E)  and  vinyl  chloriilc  (VC)|.  As 
seen  in  tlic  figure  all  three  treat  very  well  with  FF/f) 
values  of  -If).  The  tiansmiitanre  controller  Is 
particularly  valuahle  in  this  fq>plicaiinn  because  nf  the 


Figure  h 

Rayox^  treatment  an  industrial  process  water 
containing  VOCs:  2500  pph  trichloroethylene  iTCE). 
1500  pph  I  J  dirhloroethylene  IDCE).  and  900  pph 
vinyl  chloride  fl’O  together  with  1(10  ppm  of  iron, 
200  ppm  of  H2O2  was  added  at  the  beginninjf. 

4 .  Effect  cf  Particulates: 

Many  waste  streams  are  loaded  with  paiticulales. 
ranging  from  very  fine  particles  (<  10  rnn  diameter)  to 
coarse  particles  (>I0  mn  diameter).  The  suspended 
.solids  may  absorb  light  and  thos  block  photons  from 
initialing  the  photo-degradation  of  the  target 
contaminants.  In  addition,  they  ran  also;  (a)  change 
the  diciccuic  constant  and  the  refractive  index  of 
solvent  which  can  change  the  quantum  efficiency  and 
reaction  rale  constants;  (h)  react  with  hydroxyl 
radicals  and  thus  act  as  a  sink  for  *011  radicals;  (c) 
absorb  hydrophobic  pollutants,  such  as  PCB't  and 
PAH'S  and;  (d)  scatter  light.  The  overall  effect  of  all 
of  these  is  the  reduction  rrf  the  treatment  efficiency. 

We  have  slurlicd  the  effects  of  suspended  solids  by 
spiking  lapwaier  with  hentoniie,  a  natural  clay.  In 
some  experiments,  the  bentonite  was  coated  with 
ferric  hydroxide.  The  influence  of  these  suspended 
solids  on  the  ticstruction  of  rhlorobrnrewc  is  shown 
in  Figure  9.  Bentonite  does  not  ahsnrh  UV  light  and 
Mnis  by  itself  hat  very  little  effect  on  die  hetMimnt  of 
chlnrx^nrene.  However,  the  dcstraction  rate  of 
cblorohcnrene  is  reduced  hy  ahnut  a  factor  of  Iwo 
when  hentrmile  is  coaled  with  light  ahsorhinf  iron 
hydroxide  from  a  solution  that  contamed  -10  ppm 
Fe’». 
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I'igure  9 

Rayax*  ir^iiinirm  of  40  ppm  chlorohonrcne'  (n) 
without  tufpcndftt  tolidt:  (10  hriitontlO  (?.00  ppt’O 
added:  Irl  tome  ot  ilo  l<iit  » iih  U)  ppm  Tr^  *■  ut  pH 
7. 

5.  Raynx*-!(: 

staled  in  die  (ntrcKlnciifin,  ilicre  :iie  some  trfuu  lory 
pollutniits  ifiMi  ifcni  slowly  (f.V./O  >  2ti) 

ilalngcn;iic(J  alliniies  |e  r  iiicihyleiiceliloride  (!h;M). 
clilomfofm,  cailtoM  IciriK liloside,  l.t.l  Ifitliloforllianc 
(TCA),  1 .1 .2.2  ieirachlorrKiltnne  (fJCA).  rrcoii-ll 
(CFCl}).  rreonIM  (CrC  1 2C  r2CI ).  1.2 
dibromocUiane  IDBA),  etc  |  represcin  a  mapir  class  of 
refractory  poKiiianis.  Ilicse  compomids  arc  ililliculi 
to  oridirc  aiul  ilms  sliould  lie  easy  to  rcdncc. 

Over  the  p.isi  year  .Solarcliem  h.is  ttivenicil  and 
developed  Rayos*-U,  a  f*c\v  UV  miurtton  itroicss 
{palcnC  applied  for)  based  on  the  plmtolysis  of  TNOX 
710  to  generate  hydrotrd  elertrom  one  of  llic 

rrmsl  powerful  rcdnting  acents  known  (T."  ■»  -Z.'*  V) 
ENOX  710  is  a  .Solarcliein  proprieiaiy  a'klntvc. 

TigtifC  10  compares  ilic  ireaiincm  of  citloiolorm 
•jsing  Rayns*  (ljV/*l202)  and  R:iyiis*-U.  wnli 
llic  latter  showing  a  rate  int|Htivenient  of  over  lour 
times. 


Fignre  10 

Compariwn  of  Rayox*  and  Rayox*-R  in  the 
treatment  of  20  ppm  rhiornfr.rm  in  tapwaier. 

We  have  carried  out  anne  mechanism  studies  and  have 
idcirtined  CCI  allCCl  2n  (OCA).CCI  2-C(M  1 1  (TCE) 
and  CI1CI*CMC1  (DCEas  intermediates.  On  the 
basis  of  this  and  other  evidence  we  propose  the 
lollowing  mechanism 

h*» 

rN()X-7IO  - k  e  +  ll*- 

c  ;k,  ♦•clicit - k  •cna2  +  Cf 

2*(  ll(  l2  - *  CCblICCbll 

(QCA)“ 

r  T,,  f  nilaf'CbH  - >  •CCIIICCI2II+C1- 

2  •(:ciiicci:ii  — > 

cciibcci2  +  C!i2(:ica2n 

(ICE) 

C'.ari  ^Cll2acn2ll  - > 

•ccnicii2ci  +  ci- 

2  •(  (  iik:ii2<:i - y 

CIICI^CIICI -I- CII2CICII2CI 
(l)Cn) 

III  support  of  this  mechanism,  we  find  that  is 
iworhiced  in  eqiiivclcrrt  amounts  to  that  of  chloriric. 
Also  we  .are  .aide  to  recover  over  90%  of  the  initial 
organic  ilihwine  as  inorganic  chloride. 


Page? 


Rajox*-R  is  a  process  in  which  ilic  hydrated 
electrons  progressively  dehalogcnate  tfic  target 
compound.  We  believe  that  Uie  ultimate  prrHiucts  arc 
non-toxic  non-halogcnatcd  organic  acids,  such  as 
acetic  acid  and  oxalic  acid. 

ft  is  possible  to  treat  sequentially  sviili  Ray«x*-R 
and  Rayox*.  Figure  1 1  shows  the  ucatmem  of  a 
mixture  of  1,1,1'lrichlorocihanc  (TCA)  and  toluene. 
In  the  Rayo**-R  phase  the  TCA  dis.appcars  rapidly, 
but  the  toluene  hardly  changes  at  all.  Then  in  the 
Rayox*  phase,  the  toluene,  plus  any  products  from 
the  treatment  of  the  ICA,  are  removed.  This 
example  demonstrates  the  versatility  of  die  trcaitncnt 
options  available. 


0  70  so  no  80  too 


kWh  per  1000  US  qal 


Figure  M 

Trrttlment  nf  ^i}  ffftm  ICA  nnil  20  I'TM  inlurnr  in 
lapwaier  xrtfueHiinlly  with  llnyot*-R  ttml  then  wiih 
RayifS*. 

CONCl.VaiONS 

Tlic  devchtpment  pmgraiM  rlcscrilH-d  in  this  paper  lias 
enabled  Sol.iicltein  to  bring  on  stream  iniich  of  the 
technology  to  emerge  from  its  R  A  f>  efforts.  I  he 
improvements  c.nn  he  simim.trireil  as  follows' 


1 .  ITic  dcvcfopmcni  of  UV  lamps  which  have  an 
electrical  efficiency  of  over  30%  for  th 
emission  of  UV  light  in  the  200-300  nm 
range. 

2.  Design  ,nnd  implementation  of  power  supplies 
with  over  90%  efficiency  in  delivering 
electrical  power  to  the  UV  lamps. 

3.  liivctiium  of  a  patented  transmittance  controller 
for  keeping  the  quartx  sleeve  clean. 

4.  Application  of  Rayox*  EOF  technology  to  a 
variety  of  industrial  process  waters  and 
containinatcd  ground  waters  in  over  30  full- 
.scalc  installations. 

5.  Study  of  the  effect  of  p.trticulatcs  on  the 
efficiency  of  EOF  treatments. 

6.  Invention  of  a  new  and  effective  UV'  reduction 
technology  (Rayos*-R)  for  the  treatment  of 
refractory  halogcnatcd  alLme  polluianis. 


1.  Prometlings  of  a  Sympoxium  on  Advanced 
O.xidaiinn  Processes  .  M.  I'alcvy,  Ed. 
Wastewater  Technology  Centre.  867  Lakeshore 
Ro.ad,  Ourlingion.  Ontario,  Canada  L7R  4A6. 
1990 

2.  J.  R.  Rollon  and  S.  R.  Cater,  "Homogeneous 
Phniodegradation  of  Folhitants  in 
Containinatcd  Water;  An  Introduction’'  in 
Cnvironmenial  Aspects  of  Surface  and  Aquatic 
rhoiorhemisiry.  D.  Crosby.  R.  Zrpp  and  G. 
R.  Heir.  Eds,  CRC  Press.  Boca  Raton,  FL.  (in 
press). 

1.  S.  Egli,  S,  LoMoiilo,  R.  Galli.  R.  Fitri  and 
C.  Mum*.  "Oxidative  Treatment  of  Process 
Water  in  a  Soil  Deenntaminatirm;  il  Pilot 
Dam  and  Large  Seale  Experiences"  in 
(licinical  Oxidation  Technologies  For  The 
Nineties,  Second  Inicrnationai  Symposium, 
V.'UKicTbiH  University.  1992. 


I.I.l  IRK  III.OIUmillANP.  (K'A) 

niF.  I’Rom.FM 


A  pioiimlwntrr  n'|tiifrr  lind  Iwrti  Uindvrilc^ily 
cniilaniiiinlrd  wiilt  nlwiiil  7 

trfnrlo’y  rl'lf'iiiinlrd  <:nlvrnl  ICA,  I  lir  nirtninrf 
i"!  riiMciidy  iriiip  nrrntinn  lowr»<  (“ni» 
to  iriiirdinlr  lltf*  p.»o(nid\vn(r»  Itiil  is  srrViiip  .111 
nllriiinlivi?  drir  lr»  iiirirristiigly  stiinpriif  irp^d.iioiy 
coidinis  nn  tlir  »>((  gJis'"?  Rnitt  llir  nit  '.liipprr. 

I  lie  ciistnnirr  injiirslrfl  :in  nit  site  drmonsiindttn 
(Ini  Rnytis  rniild  nrlii-v;  n  disrlmp**  nilriitMt  of 
less  lino  ,''((|j/1.  (it'*) 

I  MF  sol.nrioN 

A  skid  loo’inled.  It  n(is|ioi  l.nid**  Unyot 
deoioMsIinlinn  noil  wns  sliijuird  lo  llie  r»isl»>oiri's 
sil'*  noil  rnoied  ool  n  seiies  of  liinis  osiop  dilleirol 
Itnyos  pioeess  enidi|»oin|ioos  (dosnpi*  id  lifld. 
peio’iile.  PflOX  nddilivrs,  rlr  )  diirrinl  lim-nids 
iindiop  llte  lensi  rnsl  sololion  fot  llie  rosiotort. 

r>|iirnl  lesi  resnils  me  sliomi  io  I'lpote  5  ||  rno 

lie  seen  (Ini  fiooi  (liese  dn(n  llnl  (lie  lotisl  sliiopeof 
eoslfooet  terjoiieioeol  eno  ensily  lie  loel  iorlodioi; 
(lie  disrinipe  rM(eiino  of  less  (Inn  S  I'plt  vvidi  no 
dowiislirnin  di'‘posnl  lenoiieinenls. 

Ill  eoiisnllnlion  willi  die  rnslnoiet,  no  evnlnnlion  id 
iiopoilnnl  fnrlins  siirli  ns  rnfiiinl  ninoillrnlioo 
srliediile,  iiiletesl  tnles,  enpilnl  nod  n|>einliiip  rosis 
j'invided  (lie  iidio oinlino  nere'snty  lo  selerl  die 
lensI  ensf  Rnyos  sololion  lot  (lie  ptoSdein 


Unve  n  pirtlileni  wilh  I  (‘A 
rtndniiiiiinietl  piniiiwlwnlet ? 

f'nninr!  .’Ittinirlieins  p.iiunitl  wnfet 
trineilinlinn  sperinlisls  lo  llinl  toil  liow 
Knyot  rnn  lielp  ytni 


/feyer  /Vetmtsftiwfen  l/nif 


irrMfWAi.or  ICA  in 

CON  I  AMINA  I  ri) 
CROI  INDWAIP.R 


Rnyof  Ifiise 


/  ijiiite  I 


SOl.ARCIIEM  ENVIRONMENTAL  SYS!  EMS 


110  Rnyal  Cent* 

Mathham,  OntaHe 
ranada  l.lltnAl 
falaphnnat  MIM  477  fI1J 

raai  HIM  477  4411 


7im  Smeltf  Raisrfi  Read,  SoRe  II 
Vsfiaa,  Navada,  I14IIII 

USA 

IslefdNHMi  (70JI  144.7044 

Taai  (7011 144-7100 


TECHNICAL  MEMORANDUM  M(b) 


amHILL 


PREPARED  FOR;  Davis  RI/FS  Report 

PREPARED  BY;  Peter  Rude/CH2M  HIIJU  Redding 
Gerald  Vogt/'CH2M  HILL,  Redding 


DATE; 


September  9,  1993 


SUBJECT;  Groundwater  End-Use  Components 
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Delivery  Order  No.  5055 

PROJECT;  SAC28722.55.13 


Purpose  and  Scope 

This  technical  memorandum  develops  and  evaluates  five  potential  end-use 
components  that  would  provide  a  beneficial  use  for  treated  groundwater  from  the 
Davis  Global  Communications  Site  (Davis  Site).  A  remedial  action  will  be 
implemented  to  contain  the  horizontal  and  vertical  extent  of  the  groundwater 
contamination  and  to  begin  removal  of  the  highest  concentrations  of  groundwater 
contamination.  The  remedial  action  consists  of  a  groundwater  extraction  system,  a 
treatment  system,  and  an  end-use  system.  This  technical  memorandum  provides 
supplemental  information  for  the  Remedial  Investigation/Feasibility  Study  (RI/FS). 

The  end-use  system  options  include  Wilson  Park  irrigation,  Wallace  Farms  irrigation, 
surface-water  discharge  to  Putah  Creek,  onsite  groundwater  reinjection,  and  onsite 
iaigation. 

This  technical  memorandum  presents  the  following  design  issues  associated  with  all 
five  end-u.se  components: 

•  Treated  groundwater  characteristics 

•  Site  descriptions 

•  Water  usage 

•  Storage  and  water  distribution  facilities 

•  Institutional  issues 

•  Estimated  capital  costs 

The  following  two  issues  were  developed  for  the  preferred  end-use  components 
(groundwater  reinjection  and  Wallace  Farms  irrigation): 

•  System  operations 
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Estimated  annual  costs 


In  addition,  the  estimated  capital  and  annual  costs  are  presented  for  the  groundwater 
extraction  system  described  in  Appendix  J,  Gioundwater  Modeling  (Microfem), 


Treated  Groundwater  Characteristics  and  Flow  Rates 

The  water  supply  for  each  of  the  end-use  components  is  groundwater  pnmiped  from 
below  the  site  and  treated  onsite  to  remove  volatile  organic  corapounds  (VOCs). 
Other  than  the  presence  of  VOCs,  the  groundwater  characterisdcs  are  expected  to  be 
the  same  as  those  being  used  for  irrigated  agriculture  in  the  area  surroundiitg  the 
Davis  Site. 

The  flow  rates  of  the  treated  groundwater  will  vary  depending  cm  the  extent  of 
groundwater  contaminant  removal.  For  this  evaluation,  two  flow-rate  scenarios  were 
developed: 

•  Scenario  No.  I -Groundwater  is  pumped  12  mooths  per  year  at  a  rate 
of  380  gallons  per  minute  (gpm)  from  t*'e  B  and  C  aquifers.  This  flow- 
rate  scenario  is  equivalent  to  approximately  610  acre-feet  of  water  per 
year,  or  250  acre-fcet  November  1  through  M^di  31,  and  360  acre-feet 
from  Apnl  1  through  October  31. 

•  Scenario  No.  2 -Groundwater  is  pumped  12  moadis  per  year  at  a  rate 
of  820  gpm  from  the  B,  C,  D,  and  E  aquifers.  Tlas  flow-rate  scenario  is 
equivalent  to  approximately  1,320  acre-feet  of  waucr  per  year,  or  550 
acre-feet  November  1  through  March  31,  and  770  acre-feet  April  1 
through  October.  31. 

The  growing  season  in  the  area  has  been  defined  as  April  1  through  October  31. 
These  flow-rate  scenarios  provide  the  basis  for  developing  faeflity  requirements  and 
estimating  capital  costs. 


End-Use  Components 
Option  Wilson  Park  Irrigation 
Site  Description 

Wilson  Park  is  adjacent  to  the  western  border  of  the  Davis  Siie.  The  park  coraists  of 
320  acres  that  was  deeded  from  the  Air  Force  to  Yolo  Coum^  ii  1973.  Approxi¬ 
mately  60  acres  of  the  park  have  been  leased  to  an  archery  det,  a  horseshoe  club, 
and  a  dog  training  club.  The  remaining  land  is  undeveloped  passiaad. 


Yolo  County  has  developed  a  master  plan  for  the  park,  which  is  presented  in 
Figure  M(b)-1.  As  shown  on  the  plan,  the  majority  of  the  park  (170  acres)  will 
remain  in  native  grasslands  and  oak  trees.  One  reason  that  the  park  has  remained 
largely  undeveloped  is  due  to  the  lack  of  a  water  supply  for  irrigation. 

Water  Usage 

The  land  use  categories,  associated  estimated  acreages,  and  estimated  water  usage  are 
presented  in  Table  M(b)-1.  The  water  usage  was  developed  following  the  Wilson 
Park  plan  to  drip  irrigate  oak  tree  seedlings  during  establishment  only.  In  addition, 
the  water  usage  of  85  acre-feet  of  water  for  the  ponds  and  lakes  was  assumed  to  be 
evaporation  losses,  with  no  losses  due  to  seepage.  The  park  will  require  approxi¬ 
mately  275  acre-feet  of  water  for  the  7-month  growing  season.  This  is  equivalent  to 
an  average  daily  flow  rate  of  approximately  300  gpm. 


Table  M(b).t 

Esttauted  Water  Use  for  WilsoM  Park 

From  April  to  October 

Area 

Esttoiatcd  Water  Usage  j 

Land  Use 

(acres) 

(acre-feet)  j 

Turfgrass 

15 

45 

Orchard  Trees 

30 

65  1 

Oak  Trees 

170 

10  j 

Archery  Range 

15 

15  1 

Lake  and  Ponds  (Fv-^poration) 

25 

85  ] 

Miscellaneous 

55 

55  1 

Total 

320 

275  1 

The  water  usage  of  275  acre-feet  can  be  supplied  by  both  flow  scenarios;  however, 
another  reuse  option  would  be  required  to  use  the  remaining  flow. 

Water  Distribution  Facilities  Required 

The  facilities  required  to  provide  treated  groundwater  to  the  north  central  border  of 
Wilson  Park  arc  listed  in  Table  M{h)-2.  The  facility  sires  do  not  vary  between  the 
groundwater  pumping  scenarios  because  the  demand  is  less  than  the  supply.  The 
distribution  pump  was  sized  to  deliver  water  at  5  pounds  per  square  inch  (psi).  A  low 
delivery  pressure  was  used  assuming  that  the  water  would  be  discharged  into  a  lake 
or  pond  at  the  park  and  that  the  park  would  have  its  own  irrigatkm  pump.  The  dis¬ 
tribution  pipeline  was  sized  to  keep  water  velocities  below  5  feet  per  second  (fps). 

In  addition  to  the  facilities  listed  in  Table  M(b)-2,  the  system  would  require  telemetry 
control  from  the  treatment  plant  to  the  discharge  point  at  Wilson  Park.  The  tele¬ 
metry  is  required  for  regulating  the  flow  of  water  and  automating  pump  operations. 
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Figtire  M(b)-2  provides  a  conceptual  layout  of  the  major  fedlities  required  to  provide 
water  to  Wilson  Park. 


Table  M(b)-2 

Facilities  Required  at  Wilson  Pai4 

Grouadoaier  Ptimpng 

Facilities 

N&l 

No.  2 

1.  Distribution  Pump  Station 

Design  Flow  (gpm) 

380 

380 

Total  Dynamic  Head  (ft) 

155 

155 

Delivery  Pressure  (psi) 

5 

5 

Motor  Size  (hp) 

25 

25 

2.  Distribution  Pipeline 

Diameter  (in.) 

ft 

6 

Length  (ft) 

64X» 

6,000 

Institutional  Issues 

One  constraint  against  having  Wilson  Park  as  an  end-use  .option  is  that  the  park  is 
currently  undeveloped.  It  may  be  several  years  before  the  park  could  use  275  acre- 
feet  of  treated  groundwater.  The  Yolo  County  Facilities  aod  Administrative  Services 
has  indicated  that  a  readily  available  water  supply  would  Idtely  speed  up  efforts  to 
develop  the  park. 

A  Report  of  Waste  Discharge  will  be  required  by  the  Rc^oBai  Water  Quality  Control 
Board  (RWQCB).  ITie  report  will  require  the  submittal  of  ite  project  design  infor¬ 
mation  and  a  location  map.  Once  information  is  submitted  to  the  RWQCB,  a  permit 
should  be  issued  within  6  months. 

A  user  agreement  should  be  developed  and  signed  for  the  onderstanding  and  protec¬ 
tion  of  both  McClellan  Air  Force  Base  (McClellan  AFB)  swl  Yolo  County.  TTie 
agreement  should  include  the  following  basic  provisions: 

•  The  length  or  term  of  the  agreement 

•  The  price  of  the  treated  water 

•  Conditions  for  termination  for  both  parties 

•  Treated  water  quality  guarantee 

•  Treated  water  use  requirements 

•  Methods  and  limitations  of  delivery  of  treked  water 

•  Mutual  liability  considerations 

•  Right  of  entry 

•  Other  general  considerations 


-  10«  ;  \  ■ 
EFT  TORN  LANC  ‘ 


CRArHlC  %CAUU 


r  Mr  iMT 


NOUTH 


FIGURE  M(bH 

WILSON  PARK  MASTER  PLAN 
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FIGURE  M(b)-2 
CONCEPTUAL  LAYOUT  OF 
END-USE  COMPONENTS 
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The  level  of  management  required  by  McQellan  AFB  to  provide  an  irrigation  supply 
for  Wilson  Park  would  include  regular  maintenance  of  the  onsite  pump  station.  In 
addition,  periodic  meetings  with  Yolo  County  personnel  may  be  appropriate. 

Option  2— Wallace  Farms  Irrigation 

Site  Description 

The  area  surrounding  the  Davis  Site  is  predominantly  used  for  irrigated  agriculture. 
Typical  crops  include  alfalfa,  com,  sugar  beets,  and  tomatoes.  Three  farmers  with  a 
total  of  approximately  1,200  acres  of  land  adjacent  to  the  Davis  Site  were  contacted 
to  determine  their  interest  in  using  treated  groundwater  for  surface  irrigation.  Cur¬ 
rently,  all  three  fanners  obtain  their  irrigation  water  by  pumping  groundwater. 

All  of  the  farmers  are  interested  in  receiving  treated  groundwater  if  it  could  be  deliv¬ 
ered  to  the  headworks  of  their  respective  irrigation  systems.  The  proposed  treated 
groundwater  flow  ranges  (380  to  820  gpm)  are  small  in  comparison  with  their  normal 
irrigation  flow  requirement  (2,000  to  6,400  gpm).  The  farmers  indicated  that  the 
treated  groundwater  should  be  delivered  at  a  uniform  flow  rate  so  they  could  regulate 
their  pumping  to  provide  the  appropriate  total  flow  to  their  fields. 

The  Beltrami  property,  currentiv  leased  by  Wallace  Farms,  was  considered  to  be  the 
best  option  among  the  three  farms.  This  parcel  is  adjacent  to  the  eastern  Iwrder  of 
the  Davis  Site  and  consists  of  nine  fields,  covenng  640  acres.  The  farm  has  a  pump 
station  at  the  southwest  corner  of  the  property  where  groundwater  is  discharged  into 
onfarm  canals  for  gravity  distribution  to  the  nine  fields.  Typical  crops  grown  include 
alfalfa,  sugar  beets,  tomatoes,  corn,  with  some  safflower  and  grain. 

Water  Usage 

The  average  water  usage  by  Wallace  Farms  is  approximately  1,280  acre-feet  during 
the  7-month  growing  season.  Tlic  water  usage  assumes  that  the  current  crop  rotation 
would  continue  for  the  future.  During  the  1W2  growing  seastsn,  approximately 
40  percent  of  the  land  was  used  to  grow  alfalfa,  with  the  remaining  60  percent  in 
annual  crops  of  sugar  beets,  tomauies,  and  com. 

As  stated  earlier,  the  flow  of  treated  grou.ndwatcr  will  only  serve  a  percentage  of  the 
water  required  fiy  Wa!l;'.:c  Farms,  as  irwJa  ited  below; 

•  fvcenmio  No.  I— Would  pr.widc  approximately  28  percent  of  the  water 
rcqi4,'i:d  by  Wallace  Farms. 

•  ^krrtiario  No.  2 -Would  provide  appnncimately  60  percent  of  the  water 
required  by  Wallace  Farms. 
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From  the  fanners’  perspective,  the  treated  groundwater  would  be  a  supplemental 
supply  to  their  existing  groundwater  supply. 

Water  Distribution  Facilities  Required 

The  facilities  required  to  provide  treated  groundwater  to  the  southeast  comer  of 
Wallace  Farms  is  shown  in  Table  M(b)-3.  The  facility  sizes  vary  with  the  associated 
groundwater  pumping  scenario.  The  distribution  pump  was  sized  to  deliver  water  at 
5  psi.  A  low  delivery  pressure  was  used  since  the  treated  groundwater  will  be  dis¬ 
charged  into  the  canal  systems  headworks  for  gravity  distribution  throughout  the  nine 
fields.  The  distribution  pipeline  was  sized  to  keep  water  velocities  below  5  fps. 


Table  M(b)-3 

Facilities  Required  for  Supplemental  Irrigation 
at  IVallace  Farms 

Facilities 

Groundwater  Pumping 
Scenarios 

No.  1 

No.  2 

1.  Distribution  Pump  Station 

Design  Flow  (gpm) 

380 

820 

Total  Dynamic  Head  (ft) 

87 

42 

Delivery  Pressure  (psi) 

5 

5 

Motor  Size  (hp) 

15 

15 

2.  Distribution  Pipeline 

Diameter  (in.) 

6 

10 

Length  (ft) 

2,850 

2,850 

3.  Discharge  Structure 

1 

1 

In  addition  to  the  facilities  listed  in  Table  M(b)-3,  the  system  would  require  telemetry 
control  fi’om  the  treatment  plant  to  the  discharge  point  at  Wallace  Farms.  This 
system  would  allow  Wallace  Farms  to  have  control  over  the  flow  of  water.  Figure 
M(b)-2  provides  a  conceptual  layout  of  the  major  facilities  required  to  provide  water 
to  the  Wallace  Farms  irrigation  site. 

Institutional  Issues 

A  Report  of  Waste  Discharge  will  be  required  by  the  RWQCB.  The  report  requires 
the  submittal  of  the  project  design  information  and  a  location  map.  Once  information 
is  submitted  to  the  RWQCB,  a  permit  should  be  issued  within  6  months. 

Wallace  Farms  is  willing  to  take  the  treated  groundwater  as  soon  as  it  is  available.  A 
user  agreement  should  be  developed  and  signed  for  the  understanding  and  protection 
of  both  McQellan  AFB  and  Wallace  Farms  as  was  described  previously  under 
Option  1. 
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The  level  of  management  required  by  McOeBan  AFB  for  providing  an  irrigation 
supply  to  Wallace  Farms  would  be  to  perform  regular  maintenance  on  the  onsite 
pump  station. 

Option  3 -Surface-Water  Dfscharge  to  Putah  Creek 
Site  Description 

Putah  Creek  is  an  intermittent  stream  approximately  1  mile  north  of  the  Davis  Site. 
As  shown  in  Figure  M(b)-2,  the  creek  is  contained  by  levees  on  both  sides.  The  flood 
plain  contained  within  the  levees  is  approximately  2,000  feet  wide,  with  a  portion  of 
the  flood  plain  under  agricultural  prodiiction.  The  stream  channel  is  thick  with  brush 
and  additional  riparian  vegetation  and  trees.  Although  this  option  has  the  lowest 
priority  as  a  beneficial  use  of  water,  adding  water  to  the  creek  may  provide  some 
riparian  habitat  enhancement. 

Water  Usage 

Putah  Creek  should  be  able  to  accommodate  the  relatively  small  flows  from  the 
groundwater  treatment  facility.  The  treated  groundwater  quality  would  have  to  com¬ 
ply  with  California’s  Inland  Surface-Water  Plan. 

Water  Distribution  Facilities  Required 

The  facilities  required  to  convey  treated  groundwater  to  an  outfall  at  Putah  Creek 
along  County  Roads  35  and  104  arc  shown  in  Table  M(b)-4.  The  facility  sizes  vary 
with  the  associated  groundwater  pumping  scenario.  The  distribution  pump  was  sized 
to  deliver  water  at  5  psi.  A  low  delivery  pressure  was  used  since  the  treated  ground- 
water  will  be  discharged  directly  into  Putah  Creek.  The  distribution  pipeline  was 
sized  to  keep  water  velocities  below  5  fps.  Figure  M(b)-2  provides  a  conceptual  lay¬ 
out  of  the  major  facilities  required  to  convey  water  to  Putah  Creek. 

Institutional  Issues 

There  arc  several  permits  that  will  be  required  for  this  option.  A  National  Pollutnnt 
Discharge  Elimination  System  (NPDES)  permit  will  be  required  for  direct  discharge 
into  Putah  Creek.  This  permit  is  issued  by  the  Central  Valley  RWQCB  in 
Sacramento.  The  permit  requires  tte  submittal  of  a  Report  of  Waste  Discharge, 
additional  project  design  information,  a  location  map,  systems  operation,  and  expec¬ 
ted  effluent  concentrations.  Once  information  is  submitted  to  the  RWQCB,  a  permit 
‘.hould  he  issued  within  6  months. 
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I  Table  M(b)-4 

j  Facilities  Required  at  PuUh  Creek 

Grouaimler  Pumping 

Scenarios 

Faculties 

No.  1 

No.  2 

1.  Distribution  Pump  Station 

Design  Flow  (gpm) 

380 

820 

Total  Dynamic  Head  (ft) 

77 

103 

Delivery  Pressure  (psi) 

5 

5 

Motor  Size  (hp) 

15 

30 

2.  Distribution  Pipeline 

Diameter  (in.) 

S 

10 

Length  (ft) 

13,100 

13,100 

3.  Discharge  Structure 

1 

— 

To  construct  an  outfall  into  Putah  Creek,  an  Army  Corp  of  Engineers  (COE)  permit 
NW-12  Utility  Line  Backfill  and  Bedding  will  be  required  This  permit  is  issued  by 
the  COE  Sacramento  District  Office  in  Sacramento.  The  permit  requires  the  sub¬ 
mittal  of  the  project  plans.  Once  information  is  submitted  to  COE.  a  permit  should 
be  issued  within  2  to  4  weeks. 

A  California  Fish  and  Game  Stream  Bed  Alteration  Agreement  will  also  l>e  required. 
This  permit  is  issued  by  the  California  Fish  and  Game  Region  2  otfice  in  Rancho 
Cordova.  The  permit  requires  the  submittal  of  the  project  plans  and  a  site  visit  with 
the  Yolo  County  game  warden.  Once  information  is  submiacd  to  California  Fish  and 
Game,  a  permit  should  be  issued  w’thin  4  weeks. 

Tnc  level  of  management  required  by  McClellan  AFB  for  discharging  treated  water  to 
Putah  Creek  would  be  to  pc.lorm  periodic  water  quality  analysis  as  required  by  the 
NPDES  permit,  other  permit  requirements  unforeseen  at  this  time,  and  regular  main- 
ten'incc  of  the  onsite  pump  station. 

Option  4— Groundwater  Reii\jection 

Site  Description 

The  approximate  KKations  of  the  four  groundwater  rcinjcctjtm  wells  are  shown  in 
Figure  M(b)-3.  Each  reinjection  well  should  have  the  capacity  to  reinject  up  to 
250  gpm  into  the  D  and  E  aquifers.  The  reinjection  wetti  ate  IcKatcd  approximately 
1,8(KJ  feet  south  of  the  proprised  treatment  plant.  The  reinjection  well  kjcations  are 
assumed  to  he  in  an  area  in  which  the  vadose  zone  and  satisated  zone  are  not 
contaminated. 


Honiopirm-wri  (Omm  mi/fsi 


M-24 


Reinjection  Limitations 

Physical.  The  amount  of  water  that  can  be  reinjected  to  the  B,  C,  D,  and  E  aquifers 
is  limited  by  the  aquifer  transmissivity  and  by  the  maximum  height  of  acceptable 
groundwater  mounding.  Preliminary  results  presented  in  Appendix  J  suggest  that  as 
much  as  250  gpm  may  be  reinjected  into  the  E  aquifer  and  water  levels  within  the 
target  area  will  increase  less  than  2  feet.  If  excessive  pressures  are  applied  to  the 
aquifer  formation  during  reinjection,  the  physical  stability  of  the  reinjection  well  may 
be  compromised. 

Geochemical.  As  discussed  in  Appendix  J,  the  potential  problem  constituents  for 
reinjection  are  calcium,  magnesium,  silica,  manganese,  and  iron.  Treatment  processes 
tend  to  elevate  the  pH  of  the  extracted  groundwater,  causing  precipitation  of  metals 
(iron  and  manganese)  and  calcium  carbonate.  A  provision  in  the  treatment  process 
should  be  made  to  accumulate  any  precipitates  on  a  filter  before  reinjection  into  the 
native  groundwater.  If  the  pH  of  the  reinjected  water  is  stabilized  at-or  near  back¬ 
ground  levels  (assumed  to  be  7.3  to  8.C);  reaction  between  the  reinjected  and  in  situ 
groundwater  and  between  the  reinjected  groundwater  and  the  aquifer  mincralo^ 
should  be  minimized.  The  major  ion  chemistry  of  the  in  situ  groundwater  and  the 
treated  water  should  be  characteriKd  before  any  reinjection  occurs.  Once  the  ion 
chemistry  is  known,  the  precipitation  reactions  should  be  checked  using  a  thermo¬ 
dynamic  equilibrium  model.  The  equilibrium  modeling  will  identify  compounds  that 
have  a  tendency  to  precipitate  under  the  proposed  treatment  processes  and  condi¬ 
tions.  Recommendations  can  then  be  made  to  identify  corrective  measures  for  poten¬ 
tial  problem  precipitates. 

Water  Distribution  Facilities  Required 

Table  M(b)-5  lists  the  facilities  required  for  reinjection.  Apprcndmatcly  3,600  feet  of 
pipeline  will  be  required  to  convey  the  water  from  the  treatment  plant  to  the 
reinjection  wells.  Four  reinjection  wells  arc  proposed  so  that  at  least  one  can  serve 
as  a  backup  to  allow  reinjection  to  continue  during  well  maintenance  periods.  Pumps 
may  need  to  be  installed  in  the  reinjection  wells  to  allow  periodic  backflushing.  A 
pump  at  the  treatment  plant  will  be  required  to  deliver  treated  groundwater  to  the 
reinjection  wells  at  approximately  5  psi. 

In  addition  to  the  facilities  listed  in  Tabic  M(b)-5,  the  system  would  require  a  telem¬ 
etry  control  system  linking  the  treatment  plant  pump  to  the  reinjection  wells.  The 
telemetry  is  required  for  automating  operations.  Figure  M(b)-3  provides  a  conceptual 
layout  of  the  major  facilities  required  for  the  reinjection  system.  Figure  M(b)-4  pro¬ 
vides  a  reinjection  well  construction  schematic.  TTie  actual  depths  of  the  screened 
interval  will  be  determined  in  the  field. 
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Table  M(b).5 

Facilities  Required  for  Groundwater  Reiitjcctioa 

• 

Facilities 

Groundwater  Pumping 
Scenarios 

No.  1 

No.  2 

1.  Distribution  Pump  Station 

Design  Row  (gpm) 

380 

820 

Total  Dynamic  Head  (ft) 

no 

50  I 

Delivery  Pressure  (psit 

5 

5 

Motor  Size  (hp) 

l.S 

15 

Z  Distribution  Pipeline 

Diameter  (in.) 

6 

10 

Length  ^ft) 

3.600 

3,600 

3.  Reinjection  Wells 

No.  of  Wells 

3 

4 

Casing  Diameter  (in.) 

12 

12 

Total  Depth  (ft) 

280 

280 

Institutional  Issues 

A  Report  of  Waste  Discharge  will  be  required  by  the  RWQCB  for  operating  the  end- 
use  system.  The  Environmental  Protection  Agency  (EPA)  may  require  a  Class  V 
permit  for  groundwater  reinjection.  However,  it  is  expected  that  EPA  will  not  require 
the  permit  and  will  designate  the  RWQCB  as  the  permitting  agency. 

The  RWQCB  and  the  Department  of  Toxic  Substances  Control  (DTSC)  recommend 
that  for  groundwater  reinjection,  the  effluent  concentration  of  inorganic  constituents 
be  similar  to  background  concentrations.  A  review  of  available  water  quality  data  was 
performed  and  is  summarized  in  Table  M(b)-6.  On  the  basis  of  the  limited  data,  the 
quality  of  the  B  aquifer  is  apparently  similar  to  that  of  the  C  aquifer.  As  additional 
data  become  available,  it  will  be  incorporated  into  the  subsequent  drafts  of  this 
report. 

The  limited  data  show  that  the  concentration  of  manganese  is  above  the  maximum 
contaminant  level  (MCL)  in  the  B  and  C  aquifers.  A  previous  groundwater  quality 
study  observed  that  wells  within  about  10  miles  of  the  Sacramento  River  had  manga¬ 
nese  concentrations  ranging  from  0.02  to  0.18  mg/1  (Evenson,  1985).  The  secondary 
MCL  for  manganese  is  0.05  mg/1.  Manganese  concentrations  in  the  Davis  Site  B  and 
C  aquifers  average  0.13  mg/1,  with  8  of  the  17  wells  exceeding  the  secondary  MCL 

McClellan  AFB  would  be  responsible  for  the  following  operation  activities:  operating 
and  maintaining  the  conveyance  line  and  reinjection  wells,  monittHing  water  levels 
and  pressures  inside  the  wells,  evaluating  data,  and  coordinating  with  an  offsite  irriga¬ 
tion  operator  (if  necessary).  The  operation  of  the  reinjection  system  may  require 
decisions  and  data  evaluations  throughout  the  year. 
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FIGURE  M(b)-3 

IRRIGATION  AND  REINJECTION 
SYSTEMS  SCHEMATIC 

OAVIS  GLOBAL  COMVlJNtCArVJNS  SITE 
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FIGURE  M(bH 

SCHEMATIC  OF  REINJECTION 
WELL  CONSTRUCTION 

DAvr,  r.LOfVL  COMMUNICATIONS  SITE 
M'CU  LLAN  AIR  Ff 'RCE  llASE 
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Option  5— Onsite  Irrigation 
Site  Description 

The  proposed  site  for  irrigation  at  the  Davis  Site  consists  of  ^!pproximately  55  acres 
on  the  north  end  of  the  site  parallel  to  County  Road  35,  as  shown  in  Figure  M(b)-3. 
The  buildings  shown  in  the  northeast  comer  of  Figure  M(b)-3,  formerly  known  as  the 
north  repair  area,  have  been  removed  since  the  photograph  was  taken.  Currently, 
this  55-acre  parcel  is  the  only  large  section  of  land  on  the  Davis  Site  that  is  not  occu¬ 
pied  by  buildings  or  communication  antennas. 

Information  from  the  Yolo  County  Soil  Survey  (USDA-SCS,  1972)  indicates  that  the 
55-acre  parcel  consists  of  Brentwood  silty  clay  loam  and  Marvin  silty  clay  loam  soils; 
both  soils  are  classified  as  agricultural  soils.  These  soils  are  found  on  the  irrigated 
farmland  adjacent  to  the  Da\ns  Site. 

From  1968  through  1983,  McClellan  AFB  had  leased  the  Davis  Site  to  private 
ranchers  for  growing  forage  crops  and  grazing  sheep.  Sheep  were  allowed  to  graze 
from  November  1  through  June  30.  The  full  extent  of  using  the  Davis  Site  for  agri¬ 
cultural  purposes  is  presented  in  Grazing  and  Cropland  Management  Plan  for  Davis 
Communtez'^ons  Site,  California  fCox  and  Schulze,  1984).  Apparently,  the  lease  was 
not  renewed  because  of  excessive  restrictions  placed  on  the  rancher. 

For  this  end-use  option,  it  is  recommended  that  the  55  acres  be  planted  in  alfalfa  and 
grain  sorghum  crop  re- ’rion,  irrigated  with  -he  treated  groundwater  through  a  sprink¬ 
ler  system,  and  harvested  for  hay.  No  livestock  grazing  should  be  permitted  because 
of  possible  soil  compaction  during  irrigation. 

Water  Usage 


The  average  water  usage  during  a  7-month  growing  season  for  alfalfa  or  grain  sor¬ 
ghum  on  55  acres  wduld  be  approximately  260  acre-feet  as.suming  70  percent 
irrigation  efficiency.  The  water  usage  assumes  a  repeated  crop  rotation  that  would 
include  growing  alfalfa  for  5  years,  followed  f>y  I  year  of  grain  sorghum. 

‘ihe  water  usage  of  2<y()  acre-feet  means  that  an  additional  end-use  option  is  required 
to  meet  the  treated  groundwater  supply  for  Scenarios  No.  1  and  No.  2.  The  variances 
with  each  scenario  are  explained  in  the  following  paragraphs: 

•  .Srenariti  No.  I  -  Approximately  250  acre-feet  of  water  would  be  dis¬ 
charged  to  another  er.d-usc  optkin  fiom  November  1  through  March 
-Vi.  Hie  onsite  irrigation  system  would  apply  260  acre-feet  during  the 
7-month  growing  season.  The  remaining  1(K)  acre-feet  would  be  dis¬ 
charged  to  another  cnd-usc  option. 


• ,  Scenario  No.  2- Approximately  550  acre-feet  of  water  would  be  dis¬ 
charged  to  another  end-use  option  from  November  1  through  March  31. 
The  onsite  irrigation  system  would  apply  260  acre-feet  during  the  sum¬ 
mertime,  with  the  remaining  510  acre-feet  discharged  to  another  end- 
"*■  use  option. 

Storage  arfd  Water  Distribution  FaciUties  Required 

Three  irrigation  systems  were  evaluated:  (1)  surface  irrigation  as  practited  by  adja¬ 
cent  farmers,  (2)  solid  set  sprinkler  irrigation,  and  (3)  side-roll  sprinkler  irrigation. 
Surface  irrigation  was  ruled  out  because  of  the  relatively  low  flow  of  water  available 
in  Scenario  No.  1  and  the  extensive  land  grading  and  preparation  required.  Solid  set 
sprinkler  irrigation  was  ruled  out  because  of  the  management  problems  associated 
with  harvesting  alfalfa  between  30-inch-tall  sprinkler  risers  on  a  40-foot  by  40-foot 
spacing  and  the  high  capital  cost.  A  side-roll  irrigation  ^tem  was  chosen  because  of 
its  current  use  by  local  farmers,  low  management  requirements,  and  low  capital  costs. 

Each  side-roll  irrigation  system  would  consist  of  64-inch-diameter  wheels  mounted  on 
5-inch-diameter  aluminum  lateral  pipes,  with  the  pipe  serving  as  the  axle  of  the 
wheel.  Higid  couplers  permit  the  entire  l,2S0-foot-long  lateral  to  be  rolled  forward 
by  applying  power  at  the  center  while  the  pipe  remains  in  a  nearly  straight  line.  The 
sprinlder  spqging  and  pipe  lengths  are  40  feet.  The  wheels  are  placed  in  the  center  of 
each  length  of  pipe.  Thus,  a  standard  1,280-foot  lateral  contains  32  pipe  lengths,  32 
sprinklers,  and  36  wheels  because  4  wheels  are  required  for  the  drive  unit.  The  drive 
unit  contains  a  gasoline  engine  and  a  transmission  with  a  reverse  gear  (Jensen,  1983). 

The  facilities  required  for  the  onsite  irrigation  system  arc  shown  in  Table  M(b)-7. 

Tlte  facility  sizes  do  not  vary  with  the  associated  groundwater  pumping  scenario  since 
the  onsite  irrigation  system  can  only  accommodate  250  gpm.  Approximately  1,600 
feet  of  pipeline  will  be  required  to  convey  water  from  the  treatment  plant  to  the 
reservoir,  as  shewn  in  Figure  M(b)-3,  A  pump  at  the  treatment  plant  will  deliver 
water  to  the  reservoir  at  approximately  5  psi.  The  reservoir  was  sized  to  store 
approximately  3  days  of  summertime  flow  (380  gpm).  The  3-day  storage  margin 
allows  for  potential  shutdown  due  to  maintenance  reqiiirements  of  the  treatment 
plant,  and  to  balance  out  the  daily  flows  between  the  treatment  plant  and  the  irriga¬ 
tion  system. 

The  distribution  pipeline  was  sized  to  lacp  water  velocities  below  5  fps.  The  irriga¬ 
tion  pump  was  sized  to  deliver  water  from  the  reservoir  to  the  irrigation  system  at  60 
psi.  The  side-roll  irrigation  system  was  sized  to  minimize  pmiding  (i.e.,  to  apply  water 
at  0.2  inch  per  hour,  approximately  the  soil  inlSltration  rate  presented  in  Appendix 
C(a))  and  to  meet  the  >Amter  requirements  for  the  alfa^  Because  of  the  low  applica¬ 
tion  rate,  four  side-rolls  are  required.  Three  side-rolls  would  deliver  approidmateiy 
160  gpm  each  (5  gpm/sprinkler),  and  the  fourth  side-roU  would  deliver  approximately 
100  gpm. 
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In  addition  to  the  facilities  listed  in  Table  M(b)-7,  the  system  would  require  a  telem¬ 
etry  control  system  linking  the  treatment  plant  pump  to  the  reserv'oir  level.  The 
telemetry  is  required  for  automating  the  pump  operation.  It  is  anticipated  that  the 
treatment  plant  pump  would  operate  24  hours  per  day  while  the  irrigation  pump 
would  operate  16  hours  per  day.  Figure  M(b)-3  provides  a  conceptual  layout  of  the 
major  facilities  required  to  provide  treated  groundwater  to  the  parcel. 


Table  M(b).7 

Facilities  Required  for  Onsite  Iiritjatioa 


Groundwaier  Pumpiog 
Sceaarios  j 

Facilities 

Na  1 

No.  2 

1. 

Distribution  Pump  Station 
-  Design  Flow  (gpm) 

380 

380 

-  Total  Dynamic  Head  (ft) 

76 

76 

-  Delivery  Pressure  (psi) 

5 

5 

-  Motor  S'>e  ihn) 

15 

2. 

Resen'oir  Conveyt.nce  Pipeline 
•  Diameter  (in.) 

6 

6 

-  Length  (ft) 

1.600 

1.600 

3. 

Onsite  Reservoir 
-  Capacity  (ac-ft) 

5 

5 

-  Surface  Area  (ac) 

Oi 

0,5 ! 

•  .Maximum  Water  Depth  (ft) 

10 

10 

4. 

Irrigation  Pump  Station 
-  Design  Flow  (gpm) 

■1 

580 

-  Total  Dynamic  Head  (ft) 

175 

••  Delivery  Pressure  (psi) 

60 

-  Motor  Size  (hp) 

40 

5. 

Irrigation  Pipeline 
-  Diameter  (in.) 

8 

8 

-  Length  (ft) 

1350 

1,350 

6. 

Side-Roll  Irrigation  Systems  (4  units) 

-  Diameter  (in.) 

5 

5 

-  Length  (ft)  -  3  units 

1380 

1.280 

-  Length  (ft)  -  1  unit 

81X) 

Institutional  Issues 

A  Report  of  Waste  Discharge  will  i-c  required  by  the  RW<X3.  The  report  will 
require  submittal  of  the  project  design  information  and  a  location  map.  Once  the 
information  is  submitted  to  rhe  RWQCB,  a  permit  should  be  issued  writhin  6  months. 

A  lease  should  be  developed  and  signed  for  the  understanding  and  protection  of  both 
McClellan  AFB  and  the  farmer.  The  lease  should  include  the  foikm^ng  basic 
provisions: 
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•  The  length  or  term  of  the  agreement 

•  Conditions  for  terminaiion  for  both  parties 

•  Treated  water  quality,  quantity,  and  onsite  storage  capacity 

•  Methods  of  treated  water  delivery  and  irrigation/disposal  requirements 

•  Mutual  liability  considerations 

•  Right  of  entry 

•  Other  general  considerations 

The  level  of  management  required  by  McQellan  AFB  to  provide  an  onsite  irrigation 
supply  for  the  farmer  would  include  regular  maintenance  of  the  reservoir  conveyance 
pipeline,  the  reservoir,  irrigation  pump,  site  access,  and  fencing  associated  with  the 
55-acre  parcel.  The  maintenance,  management  and  power  for  the  irrigation  pump, 
irrigation  pipeline,  the  side-roll  irrigation  system,  the  55-acre  parcel,  and  the  crop 
would  be  the  responsibility  of  the  lessee.  This  management  arrangement  follows 
typical  agricultural  lease  arrangements  in  the  area. 


Estimated  Capital  Costs 

An  order-of-magnitude  cost  estimate  was  prepared  for  the  groundwater  extraction 
system  (presented  in  Appendix  J)  and  each  of  the  end-use  components  in  accordance 
with  the  guidelines  of  the  American  Association  of  Cost  Engineers.  This  is  an 
approximate  estimate  made  without  detailed  engineering  data.  The  estimate  was 
founded  on  cost  curves  and  preliminaiy  estimated  quantities  of  major  facility  compo¬ 
nents.  It  is  normally  expected  that  an  estimate  of  this  type  would  be  accurate  within 
+50  percent  or  -30  percent. 

The  cost  estimates  shown  have  been  prepared  for  guidance  in  project  evaluation  and 
implementation  from  the  information  available  at  the  time  of  the  estimate.  The  final 
costs  of  the  project  and  resulting  feasibility  will  depend  on  actual  labor  and  material 
costs,  competitive  market  conditions,  actual  site  conditions,  final  project  scope,  imple¬ 
mentation  schedule,  and  other  variable  factors.  As  a  result,  the  hnal  project  costs  will 
vary  from  the  estimates  presented  here.  Because  of  these  factors,  project  feasibility, 
benefit  cost  ratios,  risks,  and  funding  needs  must  be  carefully  reviewed  prior  to  mak¬ 
ing  specific  financial  decisions  or  establishing  project  budgets  to  help  ensure  proper 
project  evaluation  and  adequate  funding. 

Pipeline  costs  were  developed  assuming  polyvinyl  chloride  (PVC)  pipe  with  an 
installed  cost  of  $4.50  per  diameter-inch  per  foot.  Reservoir  costs  were  developed 
assuming  an  unlined  earth  embankment  reservoir  to  be  constructed  with  onsite  exca¬ 
vated  materials  for  $7.50  per  cubic  yard.  The  side-roll  irrigation  system  costs  were 
developed  with  an  installed  cost  of  $10,000  per  unit,  which  includn  1,280  feet  of  5- 
inch  aluminum  lateral,  64-inch  wheels,  30  Rainbird  30WSH  sprinklers,  and  a  driving 
unit.  The  pump  stations  were  developed  using  $1,500  par  hp  including  any  structures 
and  controls.  Telemetry  and  discharge  structures  were  a  lump  sum  estimate 
calculated  from  previous  work  experience  costs.  Extraetton,  monitoring,  and 
reinjection  well  costs  were  also  calculated  from  previous  work  aq)erience  costs. 
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The  capital  costs  include  several  allowances  and  contingencies.  A  15  percent  con¬ 
struction  allowance  was  included  to  cover  materials,  labor,  and  equipment  necessary 
for  construction  items  that  could  not  be  detailed  at  this  level  of  study.  A  bid  contin¬ 
gency  of  15  percent  was  included  to  provide  for  unforeseeable  costs  related  to  con¬ 
struction  activities.  A  scope  contingency  of  10  to  25  percent  was  included  to  address 
uncertainties  in  the  scope  of  some  activities  (e.g.,  the  total  number  of  reinjection 
wells).  In  addition,  allowances  were  included  for  permitting  and  legal  (5  percent), 
services  during  construction  (10  percent),  and  engineering  design  costs  (10  percent). 

The  estimated  capital  cost  for  the  extraction  system  described  in  Appendix  J  is 
approximately  $95,000  for  groundwater  pumping  Scenario  No.  1  and  approximately 
$342,000  for  groundwater  pumping  Scenario  No.  2  as  presented  in  Table  M(b)-8. 


Table  M(b)-8 

Estimated  Capital  Costs 
for  the  Extraction  System 

Facilities 

Groundwater  Pumping 
Scenarios  ($) 

No.  1 

No.  2 

Extraction  Wells 

Existing 

100,000 

Submersible  Pumps 

Existing 

5,000 

Conveyance  Pipeline 

28.000 

42,000 

Monitoring  Weils 

Existing 

8,000 

Telemetry 

20,000 

20,000 

Subtotal 

48,000 

175,000 

Construction  Allowance  (IS  percent) 

7,000 

26,000 

Bid  Contingency  (15  percent) 

7,000 

26,000 

Scope  Contingency  (25  percent) 

12,000 

44,000 

Total  Construction  Cost 

74,000 

271,1*00 

Permitting  ana  Legal  (5  percent) 

4,000 

13,000 

Services  during  Construction  (10  percent) 

8,000 

27,000 1 

Total  Implementation  Cost 

M,000 

311,000 

Engineer  Design  (10  percent) 

8,000 

31,000 

Total  Capital  Cost 

95,000 

342,000 

The  estimated  capital  costs  for  the  five  end-use  components  for  two  flow-rate 
scenarios  are  presented  in  Table  M(b)-9.  The  estimated  capital  costs  for  the 
preferred  end-use  components,  depending  on  the  groundwater  pumping  scenario,  vary 
between  $212,000  and  $304,000  for  the  Wallace  Farm  irrigation  system  and  between 
$540,000  and  $750,000  for  the  groundwater  reinjection  systoou  It  should  be  noted 
that  the  pipeline  sizes  in  Scenario  No.  2  can  safeiv  accommodate  flews  of  up  to 
1,000  gpm  to  account  for  possible  future  expansion  of  the  cleanup  efforts. 
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Table  M(b)-9 

Estimated  Capital  Costs  for  End>Use  OfRioiis 

End-Use 

Option 

Fmniities 

Capital  Cost  Per 
Groundwater  Pumping 
Scenario  {$) 

No.  1 

No.  2 

Wilson  Park 

Distribution  Pipeline 

162,000 

-- 

Pump  Sution 

38,000 

-- 

Telemetry 

300,000 

-- 

Subtotal 

2Jn,ooo 

~ 

Construction  Allowance  (IS  Percent) 

35,000 

” 

Bid  Contingency  (15  Percent) 

35,000 

-- 

Scope  Contingency  (10  Percent) 

23,000 

“ 

Total  Cowtractlae  Cau 

323,000 

- 

Permitting  and  Legal  (5  Percent) 

16,000 

-■ 

Services  During  Constnictioo  (10  Percent) 

32.000 

Total  ImpiedMtttatiod  Cost 

371,000 

-■ 

Engineering  Design  (19  Percent) 

37,000 

" 

Total  Capital  Cost 

4<«,000 

- 

Wallace  Farms 

Distribution  Pipeline 

77,000 

128,000 

Pump  Station 

23,000 

23,000 

Telemetiy 

10,000 

10,000 

Discharge  Structure 

10,000 

10,000 

Subtotal 

120,000 

171,000 

Construction  Aik>waace  (IS  Parent) 

18,000 

26,000 

Bid  Contingency  (IS  Percent) 

18,000 

26,a)0 

Scope  Contingency  (10  Percent) 

12,000 

17,000 

Total  Constmction  Cost 

168,000 

240,000 

Permitting  and  Legal  (S  Percent) 

8,000 

12,000 

Services  During  Constmction  (10  Percent) 

17,000 

24,000 

Total  iHipInnrfartMi  Cast 

193,000 

276,0<r* 
.  . ,.1 
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Table  M(b).9 

Estimated  Capital  Costs  for  End-Use  Options 

Capital  Cost  Per 
Groundwater  Pumping 
Scenario  (S) 

End-Use 

Option 

Facilities 

No.  1 

No.  2 

Wallace  Farms  (cont.) 

Engineering  Design  (10  Percent) 

19,000 

28,0(X) 

Total  Capital  Cost 

3(»4,0<M) 

Putah  Creek 

Distnbution  Pipeline 

472,000 

590,0(X) 

Pump  Station 

23.000 

45.0(X) 

Discharge  Structure 

10.000 

10.0(K) 

Subtotal 

—1 

645,000 

Construction  Allowance  (15  Percent) 

75.0(X) 

97.(XX) 

Bid  Contingency  (15  Percent) 

75.000 

97.(XX) 

Satpe  Otntingency  (10  Percent) 

50.1X10 

64.(XX) 

Total  Construction  Cost 

903,000 

Permitting  and  Legal  (5  Percent) 

35.000 

45.(XX) 

Ser.ices  D’inng  Constriction  (10  Percent) 

70,0(X) 

<X).(XX) 

Toul  Implementation  Cost 

gio.ooe 

1,038,000 

Engineering  Design  (10  Percent) 

81,000 

104.(XX) 

Total  Capital  Cost 

S9I,(H)0 

1,142,000 

Groundwater  Reinjection 

Reinjection  Pipeline 

162,(X)0 

Pump  Station 

23.0<X) 

23.(X)0 

Reinjection  wells 

126.000 

16«.0(X) 

Telemetry 

30,(XX) 

.30.(XX) 

Subtotal 

mam 

383,000 

Otnstruction  Allowance  (15  Percent) 

41. (XX) 

57,lXX) 

Bid  Qtntingcncy  (15  Percent) 

41.{XX) 

57.000 

Satpc  Qtntingcncy  (25  Percent) 

69,(XX) 

%.(XJ0 

Total  Construction  '’ost 

427, 00« 

Permitting  and  Legal  (5  Percent) 

2I.0(X) 

V),0(X) 

Services  During  Construction  (10  Perce*tt) 

43.(XX) 

59.(X)0 

Total  Iniplcnicntation  Cost 

491,000 

682,000 
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Table  M(b)-9 

Estimated  CaHtal  Costs  for  Eiid*Use  Optioas 

End-Use 

Option 

Facilities 

Capital  Cost  Per 
Groundwater  Pumping 
Scenario  ($) 

No.  1 

No.  2 

CroimdMter  Reinieaion 
(cont.) 

Engineering  Design  (10  Percent) 

49,000 

68,000 

Total  Capital  Cost 

540,000 

750,000 

Onsite  Irrigation 

Distribution  Pump  Station 

23,000 

- 

Reservoir  Conveyance  Pipeline 

43,000 

Resenoir 

75.000 

- 

Irrigation  Pump  Station 

60,000 

” 

Telemetry 

10,000 

- 

Irrigation  Pipdtne 

49,000 

" 

Side- Roll  Irripiion  System 

40,000 

Subtotal 

300,000 

•• 

Construction  Mowance  (15  Percent) 

45,000 

- 

Bid  Contingency  (15  Percent) 

45,000 

- 

Scope  Conttageacy  (10  Percent) 

30,000 

- 

ToUl  ConstnictiMi  Cost 

420,000 

- 

Permitting  and  Legal  (5  Percent) 

21,000 

“ 

Services  During  Construction  ( 10  Percent) 

42,000 

- 

Total  Implfttatloa  Coat 

4&t,000 

- 

Engineering  Design  (10  Percent) 

48,000 

Total  Capital  Cost 

531,000 
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Estimated  Annual  Costs 


Estimated  annual  costs  were  developed  for  the  extraction  swtem.  groundwater  rein¬ 
jection,  and  discharge  to  Wallace  Farms  (see  Table  M(b)-lO).  Annual  costs  were 
developed  assuming  an  8  percent  interest  rate,  varying  facihiy  lives,  and  a  remedial 
action  project  life  of  30  years.  Also  included  were  annual  maintenance  and  repairs, 
power  for  the  pumps,  and  groundwater  data  evaluation  for  the  extraction  and 
reinjection  system. 

Major  facility  lives  were  assumed  to  be  all  pipelines  40  years,  distribution  pump 
30  years,  all  wells  30  years,  discharge  structures  30  years,  anu  leiemetry  30  years. 
Facility  lives  were  based  on  Jensen  (1983)  and  project  experience.  The  assumption  of 
a  30  year  project  life  for  the  remedial  action  resulted  in  providing  no  replacement 
costs  for  the  major  facilities  described. 


Table  M(b)-i0 

Estimated  Annual  Costs 

System 

Item 

Annual  Cost  ($) 

Groundwater 
Pumping 
Scenario  No.  1 

Groundwater 
Pumping 
Scenario  No.  2 

Groundwater  Extraction 

Facility  maintenance  and  repair 

500 

32(X) 

Data  evaluation 

35.i>X) 

3S.(XX) 

Power  for  extraction  pumps 

13, .300 

System  annualized  cost  at  K  percent 

6.400 

23,800 

Total  Annual  Co.st 

48,1M 

75,300 

Groundwater  Reinjection 

Facility  maintenance  and  repair 

41.900 

55,200 

Data  evaluation 

lO.(XX) 

lO.fXX) 

Power  for  distribution  pump 

2.000 

2.2(X) 

System  annualized  cost  at  K  percent 

.34.600 

46.8<X) 

Total  Annual  Cost 

fW,5M 

H4.200 

Discharge  to  Wallace 

Farms 

Facility  maintenance  and  repair 

3,000 

3,3(X) 

Power  for  distribution  pump 

2,700 

2,800 

System  annualized  cost  at  8  percent 

14.400 

20,3(X) 

Total  .Annual  Cost 

2«,IW 

26,400 

Annual  maintenance  and  repairs  were  based  on  percentages  of  the  total  construction 
cost  as  presented  in  Tables  M(b)-8  and  M(b)-9.  These  percentages,  based  on  Jensen 
(1983)  and  project  experience,  were  assumed  to  be:  pipciiies  0.50  percent,  pumps 
5  percent,  discharge  structure  5  percent,  extraction  wells  I  percent,  monitoring  wells 
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5  percent,  reinjection  wells  20  percent,  and  telemetry  1  percent.  Power  for  the 
pumps  was  based  on  annual  volumes  and  S0.06/kWh. 

Groundwater  data  evaluation  for  the  extraction  system  w^s  performed  on  the  basis  of 
measuring  water  levels  in  32  monitoring  wells  on  a  monthly  basis  and  preparing  quar¬ 
terly  summary  reports.  Groundwater  data  evaluation  for  the  reinjeaion  system  was 
perfoimed  on  the  basis  of  measuring  water  levels  in  the  four  reinjection  wells  on  a 
monthly  basis  and  preparing  quarterly  summary  reports. 


Reiiyection  System  Operation 

The  reinjection  system  will  be  used  to  reinject  approximately  380  gpm  or  820  gpm  of 
treated  water  during  wintertime  (November  1  through  March  31)  and  as  a  backup 
system  during  the  summertime  (April  1  through  October  31).  Each  reinjection  well  is 
designed  to  recharge  up  to  250  gpm  into  the  D  and  E  aquifers.  A  detailed  descrip¬ 
tion  of  how  the  reinjection  system  should  be  operated  is  shown  in  Figure  M(b)-5.  A 
brief  description  of  the  system  control  and  maintenance,  monitoring,  and  data  evalua¬ 
tion  activities  is  provided  in  the  following  paragraphs. 

System  Control  and  Maintenance 

Water  will  be  delivered  to  the  reinjection  wells  at  a  pressure  of  approximately  5  psi. 
The  reinjection  system  should  automatically  shut  off  if  the  pressure  in  the  well 
exceeds  atmospheric  pressure.  If  atmospheric  pressure  is  exceeded  in  the  well,  flow 
must  be  diverted  to  the  backup  reinjection  well  or  the  system  will  shut  down.  A  data 
evaluation  should  be  performed  to  determine  if  reinjection  is  limited  by  physical  or 
geochemical  causes.  Well  rehabilitation  or  treatment  adjustments  may  be  required. 

McClellan  AFB  will  be  responsible  for  maintaining  the  reinjection  pipeline.  In  addi¬ 
tion,  the  reinjection  wells  should  be  backflushed  periodically  to  minimize  well  clog¬ 
ging.  Possible  constraints  that  would  affect  the  operation  of  the  reinjection  system 
include; 

•  Aquifer  clogging 

•  Backflushing  requirements 

•  Water  quality  requirements 

•  Bacterial  growth  in  well 


Monitoring 

The  water  levels  in  the  reinjection  wells  should  be  measured  monthly  to  characterize 
the  magnitude  and  extent  of  mounding.  The  pressure  inside  the  reinjection  wells  will 
be  measured  continuously  as  discussed  above. 
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Data  Evaluation 


Data  evaluation  requirements  will  be  fairly  minimal  when  the  reinjection  system  is 
operating.  Data  evaluation  will  mainly  be  required  if  reinjection  causes  unacceptable 
mounding  or  if  the  well  or  aquifer  becomes  clogged.  The  detailed  schematic  diagram 
of  the  reinjection  system  operation  presented  in  Figure  M(b)-5  shows  where  data 
evaluation  may  be  required. 


Reinjection  and  Irrigation  Systems  Operation 

The  operation  of  the  reinjection  and  irrigation  systems  in  conjunction  with  treatment 
plant  flows  will  be  determined  by  the  seasonal  flow  variations  and  the  flow  capacity  of 
each  system.  During  the  summertime,  priority  will  be  given  to  Wallace  Farms  to 
handle  the  treated  groundwater  flow.  The  farmer  should  receive  priority  over  the 
reinjection  system  in  the  summer  because  of  the  crop  water  demand.  During  the 
wintertime,  priority  will  be  given  to  the  reinjection  system  to  handle  the  treated 
groundwater  flow. 

Figure  M(b)-6  presents  an  operations  schematic  for  both  systems.  In  general,  the 
reinjection  system  should  be  operated  as  described  earlier,  except  that  it  will  act  as  a 
backup  to  the  irrigation  system  in  the  summertime.  The  irrigation  system  should  be 
operated  as  described  below. 

Irrigation  System  Operation 

During  normal  operations,  the  treatment  plant  flow  of  approximately  380  gpm 
(Scenario  No.  1)  or  820  gpm  (Scenario  No.  2)  would  be  sent  to  Wallace  farms 
between  April  1  and  October  31. 

During  the  growing  season,  there  are  several  cases  where  the  farmer  would  not  be 
able  to  apply  water  through  the  irrigation  system,  and  the  treated  groundwater  would 
have  to  be  directed  to  the  reinjection  wells.  These  cases  would  include  when  the  crop 
is  not  planted,  when  there  is  excessive  soil  moisture  where  water  runoff  occurs,  and 
when  the  irrigation  system  is  inoperable.  It  is  anticipated  that  these  cases  may  occur 
in  the  early  spring  or  late  fall  when  precipitation  occurs.  During  normal  operation, 
the  water  priority  should  be  given  to  the  farmer  during  the  7-month  growing  season, 
with  any  extra  flow  going  to  the  reinjection  wells. 

It  is  expected  that  Wallace  Farm  personnel  and  the  Davis  Site  personnel  will  be  in 
contact  with  each  other  concerning  irrigation  startup,  treatment  plant  flow,  and 
handling  any  problems  that  may  occur. 

The  quality  of  the  treatment  plant  effluent  will  be  monitored  prior  to  discharge  to  the 
reservoir.  Therefore,  it  is  not  anticipated  that  any  water  quality  monitoring  would 
have  to  be  conducted  at  the  irrigation  site. 
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Conclusions  and  Recommendations 


An  end-use  system  that  combines  onsite  groundwater  reinjection  and  discharge  to 
Wallace  Farms  appears  to  be  the  best  system  in  terms  of  beneficial  use,  institutional 
issues,  management,  and  costs. 
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Purpose  and  Scope 

The  Davis  Global  Communication  Site  (Davis  Site)  groimdwater  data  were  reviewed 
for  evaluation  of  natural  biological  attenuation  of  chlorinated  aliphatic  compounds. 
This  was  done  because  biological  attenuation  can  be  a  significant  process  for  either 
chlorinated  aliphatic  compound  destruction  or  transformation  into  other,  potentially 
more  toxic,  compounds.  The  purpose  of  this  technical  memorandum  is  to  present  the 
findings  of  the  evaluation.  The  objectives  of  this  evaluatkm  are  as  follows: 

•  Evaluate  if  biological  attenuation  of  chlorinated  aliphatic  compounds  is 
occurring  in  groundwater  at  the  site 

•  Identify  data  needs  required  for  further  evaluation  of  biological  attenua¬ 
tion  of  chlorinated  aliphatic  compounds 


Background 


Groundwater  Contaminants 

The  main  groundwater  contaminants  are  tetrachloroethcac  (PCE),  trichloroethene 
(TCE),  trans-l,2-dichloroethene  (t-l,2-DCE),  cis-l,2-dichk3roethcne  (c-l,2-DCE), 
1,1-dichloroethene  (1,)-DCE),  1,1-dicholorethane  (1,1-DCA),  and  vinyl  chloride 
(VCL).  Chloroform,  methylene  chloride,  and  toluene  have  also  been  detected  at  low 
levels  (single  digit  ppb  levels  or  less),  but  not  routinely. 

The  history  of  the  contamination  is  not  well  documented.  However,  it  is  thought  that 
spent  solvents  may  have  been  used  along  the  fence  line  »  contnd  weeds.  This  area  is 
located  north  and  east  of  Monitoring  Well  MW-5.  Figiae  N-1  is  a  site  map  that 
shows  well  locations,  the  fence  line,  and  a  site  schematic. 
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Historical  contaminant  concentrations  for  MW-1,  MW-2,  MW-3,  MW-5,  and  MW-7 
are  shown  as  Figures  N-2  through  N-6.  Two  plots  for  each  well  are  shown.  One  plot 
shows  all  of  the  contaminants,  and  the  other  plot  uses  a  smaller  scale  for  the  ordinate 
to  better  present  the  wells  with  low  concentrations. 

Groundwater  Movement 

The  horizontal  groundwater  movement  below  the  site  is  thought  to  be  generally 
towards  the  south.  The  groundwater  falls  and  rises  about  50  feet  once  each  year 
because  of  regional  pumping  and  then  recharge.  Figure  N-7  shows  the  groundwater 
elevation  measurements  collected  since  1990  at  MW-5. 

Biotransformation  Processes 

Microbial  biological  processes  can  transform  chlorinated  aliphatic  compounds  into 
other  compounds.  This  can  result  in  either  complete  mineralization  of  the  compound 
to  carbon  dioxide  and  water,  uptake  and  incorporation  into  the  microorganisms  as  cell 
material,  production  of  metabolic  end  products  (cell  wastes),  or  reduction  to  other 
chlorinated  compounds.  The  term  "biotransformation"  refers  to  the  biological  pro¬ 
cesses  that  lead  to  any  of  these  fates.  In  general,  there  are  two  major  categories  of 
biotransformation  processes  for  chlorinated  aliphatic  compounds  such  as  those  found 
in  the  groundwater  at  the  Davis  Site.  These  are  anaerobic  dehalogenation  and 
aerobic  oxidation. 

Anaerobic  Dehalogenation 

Anaerobic  dehalogenation  is  the  process  of  removing  halogens  from  halogenated 
compounds  by  replacing  them  with  hydrogens  under  anaerobic  conditions.  Since  this 
reaction  is  a  reduction,  an  electron  donor  is  necessary.  Electron  donors  ^.an  be  a 
reduced  organic  compound  or  decaying  cel!  material  (Rittman  et  a!..  1988).  Electrons 
arc  transferred  from  the  donor  to  an  electron-transfer  mediator,  which  then  transfers 
the  electrons  to  the  halogenated  acceptor. 

VTien  the  electron  and  an  accompanying  hydrogen  ion  are  accepted  by  the  halo¬ 
genated  molecule,  a  halogen  ion  is  released  (such  as  a  chloride  ion).  For  example, 
removal  of  a  chloride  ion  from  PCE  will  result  in  TCE.  removal  of  a  chloride  ion 
from  TCE  will  result  in  DCE,  removal  of  a  chloride  ion  from  DCE  will  result  in  VCL, 
and  removal  of  the  final  chloride  ion  will  result  in  ethene,  which  can  be  further 
reduced  to  ethane.  These  products  of  dehalogenation  are  known  as  daughter 
products.  The  daughter  products  generated  by  reductive  dehalogenation  of  PCE  have 
been  identified  as  TCE,  DCE,  VCL,  DCA,  chloroethanc,  and  both  ethene  and  ethane 
(Beeman  et  al.,  1993).  Therefore,  anaerobic  dehalogenation  has  been  shown  capable 
of  biotransforming  all  of  the  principle  groundwater  contaminants  present  in  the 
groundwater  at  the  Davis  Site. 
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Aerobic  Oxidation 


Aerobic  oxidation  of  chlorinated  aliphatic  compounds  requires  a  primary  carbon 
source  (electron  donor),  an  electron  acceptor  (molecular  oxygen),  and  certain 
monoxygenase  or  dioxygenase  enzymes.  Production  of  these  nonspecific  enzymes  is 
induced  by  the  presence  of  certain  organic  compounds  referred  to  as  primary  sub¬ 
strates,  but  they  fortuitously  oxidize  the  chlorinated  aliphatics  such  as  TCE.  This 
process  is  known  as  cometabolism.  Primary  substrates  known  to  induce  production  of 
oxygenase  enzymes  are  toluene,  ethyl  benzene,  phenol,  methane,  propane,  and 
ammonia  (Folsom,  1992).  Com.etabolism  has  been  shown  capable  of  biotransforming 
all  of  the  main  contaminants  present  in  the  groundwater  at  the  Davis  Site  except  for 
PCE.  Unlike  anaerobic  dehalogenation,  the  cometabolism  of  a  chlorinated  aliphatic- 
compound  does  not  result  in  specific  reduced  daughter  products  such  as  other 
chlorinated  aliphatics.  Daughter  products  are  produced,  but  they  are  generally 
thought  to  be  nonhazardous  and  are  typically  not  measured. 

Required  Conditions  for  Biotransformation 

Knowing  the  conditions  required  for  biotransformation  of  chlorinated  organic  com¬ 
pounds  assists  in  determining  if  the  process  is  occurring  at  a  site.  For  example,  a 
decrease  in  TCE  concentration  over  time  measured  at  a  monitoring  well  may  not  be 
caused  by  biotransformation,  but  to  movem.ent  of  the  TCE  away  from  the  well 
location  by  groundwater  flow.  Conversely,  biotransformation  could  be  occurring  in 
the  vicinity  of  a  monitoring  well  that  does  not  show  change  in  contaminant  levels  over 
time,  because  of  continual  addition  of  new  contaminant  mass  at  the  same  rate  as  it  i.s 
being  transformed. 

Since  cometabolism  requires  a  primary  .substrate  enzyme  induction,  absence  of  the 
inducer  indicates  low  likelihood  of  comctabolism  occurring.  Even  if  an  inducer  is 
present,  the  specific  microorganisms  capable  of  comctabolism  must  also  be  present 
for  the  process  to  occur.  Molecular  oxygen  must  also  be  present  as  an  electron 
acceptor.  The  essential  elements  of  inducer,  capable  organisms,  and  molecular 
oxygen  must  be  present  at  a  site  for  enmetabolism  of  chlorinated  aliphatic  Compounds 
to  occur. 

The  essential  elements  required  for  anaerobic  transformation  of  chlorinated  aliphatic 
compounds  are  capable  organisms,  an  electron  donor,  an  electron  acceptor,  and 
reducing  conditions  (absence  of  molecular  oxygen). 


Approach 

Tlic  site  data  were  evaluated  for  indications  of  either  cometabolism  or  anaerobic 
dehalogenation  of  the  site  contaminants.  The  data  were  analyzed  for  presence  of 
comctabolism  inducer  compounds,  presence  of  a  primary  carbon  source,  and  for  sig¬ 
nificant  changes  in  concentrations  of  anaentbic  transformation  daughter  products. 
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Also,  Figures  N-2  through  N-6  were  used  to  evaluate  changes  in  concentrations  of  site 
contaminants  over  tirhe  that  may  be  caused  by  biotransformation. 


Interpretation 


Cometabolism 

Little  data  exist  to  assess  whether  the  essential  cometabolic  elements  of  inducer  com¬ 
pound,  cometabolic  capable  organisms,  and  molecular  oxygen  are  present  in  the 
groundwater.  However,  because  of  the  cyclical  rising  and  falling  pattern  of  the 
groundwater,  it  is  possible  that  this  action  acts  like  a  pump  to  draw  air  through  the 
vadose  zone  to  the  upper  portion  of  the  groundwater. 

The  only  inducer  compound  detected  in  the  groundwater  is  toluene.  The  highest 
concentration  detected  is  23  ng/1  in  MWD-10.  However,  it  does  not  appear  to  be 
widespread  in  the  groundwater.  Phenol  and  ethyl  benzene  have  been  analyzed  for 
but  have  never  been  detected.  The  groundwater  has  not  been  analyzed  for  methane, 
propane,  or  ammonia.  Although  it  is  apparent  that  concentrations  of  the  chlorinated 
organic  compounds  have  decreased  with  time  at  many  of  the  monitoring  wells 
(Figures  N-2  through  N-6),  it  is  uncertain  if  these  reductions  are  due  to  cometabolism 
or  other  mechanisms.  However,  it  is  unlikely  that  cometabolism  plays  a  significant 
role. 

It  is  unlikely  that  cometabolism  accounts  for  a  significant  portion  of  the  decreases 
shown  by  the  concentration  versus  time  plots  for  two  reasons.  The  first  is  that  a 
relatively  large  amount  of  inducer  compound  compared  to  chlorinated  organic  com¬ 
pound  is  required  for  cometabolism,  and  there  is  no  evidence  that  this  much  inducer 
is  present.  Studies  using  indigenous  methanotrophic  bacteria  have  shown  thaHOO  to 
300  grams  of  methane  is  required  to  cometabolize  1  gram  of  TCEJ  and  that  cometab¬ 
olism  of  0.2  to  1  gram  of  TCE  requires  2  grams  of  phenol  using  the  bacterium 
Pseudomonas  cepacia  strain  G4,  or  4  to  8  grams  of  toluene  using  Pseudomonas 
mendocina  (Ensley,  1992).  The  second  reason  is  that  PCE  decreases  at  approximately 
the  same  rate  as  TCE  in  many  of  the  plots.  Since  cometabolism  has  not  been  shown 
capable  of  biotransformation  of  PCE,  it  is  unlikely  that  these  decreases  are  caused  by 
cometabolism. 

Anaerobic  Dehalogenation 

Little  data  exist  to  assess  if  the  essential  elements  to  support  anaerobic  dehaloge¬ 
nation  are  present.  Though  no  direct  microbial  evidence  is  available,  it  is  likely  that 
capable  organisms  are  present,  since  organisms  capable  of  anaerobic  dehalogenation 
are  fairly  common.  No  ethene  or  ethane  data  are  available  to  discern  the  presence  of 
these  potential  daughter  products. 
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Although  diesel  is  not  a  widespread  contaminant,  it  has  been  detected  in  MW-1, 
MW-3,  and  MW-7  at  low  levels  (85  |ig/l,  67  jig/l,  and  93  jig/l,  respectively).  Diesel 
constituents  could  provide  electron  donors. 

Evaluation  of  the  contaminant  concentration  versus  time  curves  resulted  in  some 
interesting  observations  regarding  potential  daughter  products.  MW-5  is  thought  to 
be  located  near  the  area  that  solvents  may  have  been  used  to  control  weeds.  Figure 
N-5  shows  that  since  1988,  PCE,  1,1-DCE,  and  TCE  have  been  the  major 
groundwater  contaminants  and  that  each  has  decreased  with  time.  It  is  unlikely  that 
this  decrease  is  caused  by  anaerobic  dehalogenation  since  neither  VCL  nor  t-l,2-DCE 
has  been  detected. 

VCL  and  t*l,2-DCE  have  been  detected  in  wells  downgradient  (south)  of  MW-5. 
These  compounds  are  detected  fairly  consistently  in  MW-1,  MW-3,  and  MW-7.  In 
MW-2,  t-l,2-DCE  has  been  detected,  but  VCL  has  not  been  detected. 

Figure  N-2  depicts  the  MW-1  data  and  shows  relatively  large  concentrations  of 
t-l,2-DCE  and  VCL  with  the  highest  concentrations  occurring  in  1988  followed  by  a 
downward  trend.  Figure  N-4  shows  the  MW-3  data.  These  data  are  especially 
interesting.  In  1988,  t-l,2-DCE  is  at  its  highest  concentration,  and  it  decreases  to  a 
nondetectable  level  by  1991,  when  VCL  begins  to  increase  in  concentration.  Figure 
N-6  presents  data  for  MW-7  and  shows  TCE  and  PCE  concentrations  remaining 
relatively  constant  since  1988,  and  then  a  slight  amount  of  VCL  being  detected  in 
1992. 

These  findings  are  interesting  because  of  the  apparent  lack  of  primary  substrate  in 
the  groundwater  in  the  vicinity  of  these  wells.  Analysis  of  the  groundwater  in  these 
wells  for  total  organic  carbon  (TOC)  or  chemical  oxygen  demand  (COD)  would  help 
to  determine  if  sufficient  electron  donor  compounds  are  present  to  account  for  these 
observations. 

In  the  vicinity  of  soil  gas  Monitoring  Well  CH-5,  which  is  located  between  MW-1  and 
MW-3  and  upgradient  from  MW-2  and  MW-7,  underground  diesel  storage  tanks 
leaked  and  contaminated  the  vadose  zone  soils  with  diesel.  The  approximate  area  of 
vadose  zone  diesel  contamination  is  indicated  in  Figure  N-1.  In  19^,  the  soil  adja¬ 
cent  to  the  tanks  was  excavated.  However,  the  excavation  did  not  remove  ail  of  the 
contaminated  soil.  Diesel  has  been  measured  to  a  depth  of  70  feet. 

Analysis  of  soil  gas  samples  taken  from  soil  gas  monitoring  well  CH-5  has  shown  0 
percent  oxygen,  10  percent  carbon  dioxide,  and  2  percent  methane.  These  results 
indicate  anaerobic  conditions.  In  addition,  CH-5  is  the  only  soil  gas  well  where  VCL 
has  been  detected.  It  was  detected  at  SIO  parts  per  billion  by  volume  (ppbv).  It  is 
possible  that  the  VCL  is  a  daughter  product  of  anaerobic  dehalogenation  of  PCE, 
TCE,  or  DCE 

The  ^oundwater  in  this  area  falls  from  40  feet  to  70  feet  below  ground  surface  from 
February  to  June  because  of  regional  pumping,  and  then  dimbs  back  up  because  of 
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recharge.  It  is  possible  that  as  the  water  moves  up,  VCL  in  the  vadose  zone  is 
encountered,  causing  a  portion  of  it  to  dissolve  and  to  be  transported  laterally  by 
horizontal  groundwater  movement.  Diesel  constituents  coukJ  also  be  dissolved  by  the 
rising  groundwater,  which  could  provide  electron  donors  to  support  anaerobic 
dehalogenation  in  the  groundwater.  The  VCL  detected  in  groundwater  Monitoring 
Wells  MW-1,  MW-3,  and  MW-7,  may  be  a  result  of  these  two  mechanisms. 


Conclusions  and  Recommendations 


Conclusions 

The  following  conclusions  are  made  regarding  natural  biological  attenuation  of  chlori¬ 
nated  organic  compound  in  groundwater  at  the  Davis  Site. 

•  Insufficient  data  are  available  to  make  a  thorough  evaluation  of  the 
extent  of  biotransformation  at  the  site. 

•  It  is  unlikely  that  cometabolism  accounts  for  a  significant  portion  of  the 
decreases  shown  by  the  concentration  versus  time  plots. 

•  Anaerobic  dehalogenation  may  be  occurring  in  the  vicinity  of  soil  gas 
Monitoring  Well  CH-5.  This  process  may  te  a  source  of  VCL  to  the 
groundwater. 

Recommendations 

To  further  evaluate  the  site  for  biotransformation  of  chlorinated  organic  compounds, 
it  is  recommended  that  the  groundwater  and  soil  gas  sampling  schemes  be  modified 
to  look  for  indications  of  cometabolism  or  anaerobic  dehalogenation  processes. 
Measurement  of  dissolved  oxygen  would  help  to  discern  the  oxidative  state  of  the 
groundwater.  Analyses  of  the  site  groundwater  for  inducer  compounds  would  provide 
valuable  information  to  more  thoroughly  assess  if  cometaboHsm  is  occurring,  and 
analyses  of  the  site  groundwater  for  COD  or  TOC  would  help  to  identify  areas  that 
may  have  sufficient  electron  donor  compounds  to  supptm  anaerobic  dehalogenation. 
Analysis  of  the  groundwater  from  Monitoring  Wells  MW-1,  MW-3,  and  MW-7  and 
the  soil  gas  from  soil  gas  Monitoring  Well  CH-5,  for  ethene  and  ethane,  may  help 
determine  if  VCL  is  being  dehilogenated. 

The  bioventing  demonstration  project  that  is  planned  for  the  area  near  soil  gas  Moni¬ 
toring  Well  CH-5  should  be  es’aluated  for  its  impact  on  the  anaerobic  dehalogenation 
process  apparently  occurring  at  that  location.  Introduction  of  oxygen  to  the  subsur- 
foce  will  inhibit  the  anaerobic  dehalogenation  process  and  therefeve  would  inhibit 
VCL  production.  Methanotrophic  bacteria  that  may  be  present  could  potentially  use 
the  methane  generated  during  the  previous  anaerobic  cooditions  for  cometabolism  of 
the  TCE;  DCE,  and  VCL.  However,  if  VCL  is  curreoi^  beii^  dehaiogenated  to 
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ethene  or  ethane,  then  introduction  of  oxygen  may  be  detrimental  since  PCE  dehalog- 
enation  would  cease. 
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Purpose  and  Scope 

Dual-phase  extraction  has  been  proposed  as  a  method  of  removing  volatile  contami¬ 
nant®  that  may  be  present  in  fine-grained  soil  within  a  zone  of  seasonal  water  table 
fluctuation  at  the  Davis  Global  Communications  Site  (Davis  Site).  This  zone  of  fine¬ 
grained  soil  occurs  from  a  depth  of  approximately  40  feet  to  approximately  70  feet 
below  ground  surface  (bgs)  and  consists  predominately  of  silty  lean  to  fat  clays.  As 
described  in  Chapter  3  of  the  Remedial  Investigation/Frasibility  Study  (RI/FS)  report, 
the  fluctuation  occurs  as  a  result  of  regional  pumping  in  the  summer,  countered  by 
seasonal  recharge  in  the  winter.  In  this  appendix,  this  zone  is  referred  to  as  the 
intermittent  capillary  zone. 

This  technical  memorandum  is  designed  to  provide  the  reader  with  increased  under¬ 
standing  about  how  a  dual-phase  extraction  system  might  be  designed  to  remove  soil 
vapor  and  groundwater  contaminants  from  this  intermittent  capillary  zone.  This  tech¬ 
nical  memorandum  also  identifies  additional  fieldwork  needed  before  a  dual-phase 
system  can  be  designed  for  the  Davis  Site.  Recommendations  are  made  regarding; 
(1)  soil  gas  sampling  that  needs  to  be  done  to  better  define  the  extent  of  contamina¬ 
tion  in  the  intermittent  capillary  zone  and  (2)  procedures  for  a  small  scale  pilot  test 
study  designed  to  estimate  the  air  flow  rates  achievable  from  a  dual-phase  system. 


Objectives  of  Dual-Phase  E.Ytractioii 

The  primary  objective  of  the  dual-phase  extraction  system  is  to  remove  volatile 
organic  compounds  (VOCs)  from  the  intermittent  capiiiaiy  zone  to  a  point  at  which 
they  are  no  longer  a  significant  source  of  groundwater  cmttamination.  To  accomplish 
this  objective,  the  dual-phase  system  needs  to  achieve  the  following; 
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•  Removal  of  mineral-  and  organic-phase  sorbed  contaminants  that  repre¬ 
sent  a  long-term  source  of  contaminants  to  the  underlying  groundwater 

•  Removal  of  vapor-phase  contaminants  that  are  actively  migrating 
toward  groundwater,  in  response  to  diffusional  and  advective  gradients 

•  Removal  of  contaminants  present  in  solution  in  the  pore  water,  to  inter¬ 
cept  the  contaminants  that  might  be  drawn  toward  the  groundwater  in 
this  phase 

®  Removal  of  nonaqueous  pure-phase  contaminants  that  reside  in  the  soil 
matrix 


Subsurface  Conditions 

The  soil  in  the  intermittent  capillaiy  zone  is  described  as  a  massive  silty  and  sandy 
clay,  moist,  with  some  mineral  accretions.  No  data  on  measured  physical  properties 
or  contaminant  presence  and  concenuation  have  been  collected  to  date,  but  evalua¬ 
tion  of  contaminant  data  above  and  below  the  zone  of  seasonal  water  table  fluctua¬ 
tion  suggest  that  VOCs  have  been  and  may  still  be  present  (refer  to  Chapter  4  of  the 
RI/FS  report). 


Dual'Phase  Exteactioa  System  Description 

Dual-phase  extraction  consists  of  the  simultaneous  removal  of  soil  gas  and  water  from 
a  single  well  screened  at  or  above  the  water  table.  Dual-phase  pumping  can  be 
accomplished  using  a  downhole  submersible  pump  and  an  aboveground  vacuum 
source,  or  a  single  aboveground  high  vacuum  source  configured  to  remove  both  water 
and  soil  gas.  The  system  described  in  this  technical  memorandum  consists  of  a  down¬ 
hole  submersible  pump  to  remove  contaminated  groundwater  and  an  aboveground 
high  vacuum  liquid  ring  blower  desired  to  remove  contamination  from  the  vadose 
zone.  An  illustration  of  the  major  components  of  this  system  is  presented  in 
Figure  0-1. 
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The  dual-phase  system  option  shown  in  Figure  0-1  was  selected  as  the  best  one  for 
the  Davis  Site  because  of  the  generally  fine-grained  nature  of  the  intermittent  capil¬ 
lary  zone.  Normally,  these  types  of  soils  retain  a  high  moisture  content  after  wetting 
(or  submergence)  and  are  likely  to  have  low  air  permeabilities.  The  high  vacuum 
liquid  ring  blower  can  have  the  effect,  over  time,  of  evaporating  excess  moisture  from 
the  soil  above  the  water  table  in  the  vicinity  of  the  extraction  well.  The  reduction  in 
moisture  content  leads  to  shrinkage  in  plastic  soils,  which  may  lead  to  the  formation 
of  fractures,  producing  an  increased  air  permeability  and  greater  air  flows.  This,  in 
turn,  can  accelerate  the  removal  of  volatile  contaminants  and  increase  the  zone  over 
which  removal  effectively  occurs,  as  shown  in  Figure  0-1 

The  submersible  pump  of  the  proposed  system  would  be  used  to  depress  the  water 
table  in  the  vicinity  of  the  extraction  well  to  increase  the  zone  that  could  be  affected 
by  the  high  vacuum.  Depending  on  groundwater  conditions,  the  submersible  pump 
could  potentially  only  need  to  be  operated  during  wintertime,  high  water  table  condi¬ 
tions,  and  may  not  need  to  be  used  during  the  summer  (refer  to  Figure  0-3). 


Discussion  and  Recommendations 

The  applicability  of  a  dual-phase  approach  is  based  on  site  characteristics  that  make 
conventional  soil  vapor  extraction  and  groundwater  pumping  difficult  techniques  to 
achieve  adequate  contaminant  removal.  The  fine-grained  nature  of  the  soil  in  this 
zone  is  expected  to  have  very  low  hydraulic  conductivities,  which  could  lead  to 
unacceptably  low  pumping  rates  during  the  6  months  or  so  that  this  zone  is  saturated 
and  could  be  pumped.  The  seasonal  wetting  of  the  soil  is  likely  to  maintain  soil  con¬ 
ditions  such  that  the  air  permeability  will  be  limited  by  high  levels  of  soil  saturation. 
For  both  water  and  air  pumping  systems,  the  soil  may  have  unfavorable  air  and  water 
flow  characteristics  unless  measures  are  implemented  to  improve  the  soil  permeabil- 
ity. 

For  a  dual-phase  system  to  be  designed  to  achieve  its  cleanup  objectives,  specific  data 
will  be  needed  on  the  contamination  extent  in  the  zone  to  be  treated  and  certain 
physical  properties  of  the  soil.  Each  well  is  likely  to  be  effective  in  a  relatively  limited 
zone,  possibly  on  the  order  of  one  to  two  times  the  depth  of  embedment  of  the  well 
in  the  fine-grained  unit.  For  this  reason,  some  information  on  areas  of  contaminant 
concentration  would  permit  the  more  effective  placement  of  dual-phase  wells.  In 
terms  of  physical  properties  of  the  soil,  the  feasibility  of  the  dual-phase  approach 
hinges  on  the  ability  of  the  soil  to  sustain  air  flow,  which  may  require  that  the  soil  be 
modified  through  the  application  of  a  high  vacuum  or  other  means.  The  degree  to 
which  an  adequate  effective  air  permeability  can  be  established  will  influence  the 
feasibility  of  this  approach  to  remove  volatile  contaminants. 
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Additional  Soil  Gas  Sampling  Recommendations 

Recommended  soil  gas  sampling  locations  necessary  to  suppon  the  design  of  a 
dual-phase  sysii.m  are  presented  in  Figure  0-4.  Three  samples  are  recommended  to 
be  taken  from  the  northeast  quarter  of  the  site  because  this  is  a  suspected  source 
area  of  VOCs.  One  sample  (P5)  is  recommended  near  the  location  of  former  leaky 
underground  tanks  where  significant  diesel  contamination  is  already  known  to  exist. 

All  of  the  samples  would  be  taken  from  piezometers  that  have  already  been  con¬ 
structed.  The  screened  intervals  that  should  be  used  when  taking  the  samples  are 
summarized  in  Figure  0-4.  The  construction  details  of  the  piezometers  are  presented 
in  Appendix  S,  Well  Construction  Data,  of  this  report.  The  results  of  soil  gas  analy¬ 
ses  should  be  used  to  estimate  the  mass  of  contaminants  in  the  intermittent  capillary' 
zone  and  to  evaluate  the  value  of  a  focused  dual-phase  system  contaminant  removal 
program  in  the  zone. 

Recommended  Dual-Phase  System  Pilot  Tests 

The  key  physical  performance  characteristic  of  the  soil  to  evaluate  its  suitability  for 
dual-phase  extraction  is  the  tendency  of  the  soil  to  shrink  in  volume  upon  removal  of 
moisture.  This  characteristic  would  indicate  the  likelihood  that  sufficient  air  flow 
could  be  produced  in  soils  that  are  currently  saturated,  following  the  "development"  of 
these  wells  with  a  high  vacuum.  Figure  0-5  conceptually  illustrates  the  flow  improve¬ 
ment  over  time  that  might  be  expected  because  of  the  application  of  a  high  vacuum 
system. 

Existing  Extraction  Well  EW-lB  could  be  used  to  evaluate  this  characteristic.  This 
well  is  ideally  suited  for  dual-phase  testing  because  of  its  long  60-toot  screened 
interval,  which  covers  the  zone  of  seasonal  water  table  fluctuation.  Testing  is 
recommended  at  the  well  to  estimate  the  magnitude  of  flow  improvement  that  can  be 
achieved  by  applying  a  high  vacuum.  A  vacuum  pump  capable  of  pulling  20  scfm  at 
25  inches  of  mercury  should  be  used  during  the  testing.  The  initial  flow  rate  (0,,) 
should  be  measured  as  well  as  developed  flow  rates  (Qj)  at  periodic  time  intervals. 

An  automated  continuous  data  logger  could  be  used  to  record  the  flow  data.  The 
ratio  of  Q^Qo  should  be  plotted  as  a  function  of  time.  Tnc  test  should  be  terminated 
when  the  ratio  QjQ„  becomes  constant.  The  final  0j/'0„  ratio  provides  a  measure  of 
the  amount  of  flow  improvement  achievable  in  the  soil  for  a  given  applied  vacuum. 

Offgas  emissions  generated  during  the  pilot  testing  also  need  to  be  sampled.  In  all 
likelihood  the  airstream  will  be  contaminated  and  depending  on  the  levels  detected  in 
the  sampling  a  small  offgas  treatment  unit  (i.e.,  carbon  canisters)  may  need  to  be 
added  to  the  pilot  test.  It  is  anticipated  that  the  pilot  test  will  not  take  longer  than 
10  days  to  complete,  based  on  previous  experience. 
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Summary 


In  summary,  a  dual-phase  extraction  system  may  be  the  best  solution  for  removing 
VOC  contaminants  from  the  zone  of  seasonal  water  table  fluctuation  at  the  Davis  Site 
(40  to  70  feet  bgs).  By  virtue  of  its  ability  to  dewater  this  zone,  and  also  improve  the 
soil  airflow  characteristics,  dual-phase  extraction  potentially  offers  some  real  advan¬ 
tages  over  standard  soil  vapor  extraction  or  groundwater  extraction. 

Additional  data  are  required  on  the  nature  of  contamination  and  physical  soil  proper¬ 
ties  within  the  zone  of  seasonal  water  table  fluctuation  before  final  conclusions  can  be 
made  regarding  the  potential  I'.sefulness  of  a  dual-phase  extraction  system.  Specifi¬ 
cally,  soil  gas  sampling  to  be  conducted  to  estimate  the  extent  of  contamination,  and 
pilot  testing  needs  to  be  conducted  to  estimate  the  amount  of  flow  improvement  that 
is  obtainable  from  the  soil  in  the  intermittent  capillary  zone.  Once  these  data  are 
obtained,  the  necessity  of  a  dual-phase  system  can  be  evaluated,  and  a  final 
dual-phase  system  design  can  be  developed,  if  needed. 
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Purpose  and  Scope 

This  technical  memorandum  summaiizes  the  analytical  methods,  describes  the  data 
validation  methodology  and  the  contents  of  data  validatioR  reports,  and  provides  an 
overall  assessment  of  the  data.  The  entire  data  validatiras  package  i.s  available  upon 
request  from  CH2M  HILL. 


Approach 


Analytical  Methodology 

The  analytical  parameters  and  methods  used  are  listed  ^  Table  P-I. 


Table  P-l  j 

Analnical  Parameters  and  .Vfethnds  | 

Parameter 

t«etbf)d 

1  Toxicity  Churacterlscics  l>cachine  Procedure  (TCI.P) 

TCLP  volaiilcs 

TLP 

Pur^eable  hal(KarN»n/bromjiics 

Scmivolatiles 

CLP 

MetaLs 

CLP 

Total  petrn.cum  hvdrocarboas 

4I.H.1 

Total  fuel  hydrocarbons  (diesel) 

Ca  Lu&  midiricd  SOLS) 

Percent  moisture 

ASni  D2216 

Bulk  density 

ASA  S«>.  9  30  2 

Air  volatiles 

TO-14 

Atmospheric  eases 

ASTM  D  .3416 
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Volatiies,  semivolatiles,  and  metals  were  analyzed  using  the  Environmental  Protection 
Agency  (EPA)  Contract  Laboratory  Program  (CLP)  protocols  (EPA  1990  CLP 
Statement  of  Work).  For  the  parameters  that  are  not  covered  under  the  EPA  CLP 
protocols  the  standard  methods  referenced  in  Table  P-1  were  used-  The  quality 
assurance/quality  control  (QAJQC)  methodology  implemented  for  the  non-CLP 
parameters  was  based  on  the  quality  assurance  project  plan. 

The  laboratories  that  carried  out  the  analyses  in  addition  to  having  CLP  capability  are 
state  certified.  The  data  have  been  reviewed  outside  the  laboratories  to  ensure  that  the 
above-noted  specifications  were  implemented  for  each  sample  and  parameter.  The 
data  validation  process  is  described  in  more  detail  in  the  following  paragraphs. 

Data  Validation 

Data  have  been  reviewed  at  the  laboratory  as  well  as  outside  the  laboratory  by  an  inde¬ 
pendent  chemist  for  conformance  to  the  above-noted  analytical  protocols. 

The  data  validation  was  carried  out  in  accordance  with  EPA  Functional  Guidelines. 
Individual  data  validation  reports  have  been  prepared  for  each  specific  sample  delivery 
group  (SDG)  and  each  specific  parameter.  The  laboratory  groups  samples  into  SDGs; 
the  samples  in  an  SDG  have  common  QC  data  as  they  are  run  consecutively.  The 
individual  reports  were  subsectioned  according  to  the  table  of  contents  for  the  EPA 
Functional  Guidelines.  Each  section  detailed  protocol  deviations  if  any.  The 
subsections  summarized  the  outliers,  if  any,  with  the  following  minimum  information: 

•  Affected  sample  numbers 

•  Affected  parameters 

•  Quantitative  listing  of  specific  deviation 

•  EPA  criteria  for  the  noted  deviation 

•  Applicable  data  flag  per  EPA  guidelines 

•  Flag  description  as  to  whether  it  was  caused  by  laboratory  error 
(designated  as  "protocol”  flag),  matrix,  or  according  to  guidelines 
("advisory"  flag) 

These  SDG  specific  detailed  reports  are  kept  in  project  files.  AU  the  samples  have 
been  reviewed  for  QC  data  in  accordance  with  EPA  guidelines  to  include  checks  for 
proper  methodology,  level  of  QC  effort  (frequency  of  runs),  and  for  conformance  to 
EPA  defined  quantitative  control  limits.  Ten  percent  ck  the  samples  have  been 
checked  for  raw  data  (Le.,  calculation  algorithms,  transcription  errors,  and  special 
identification  errors).  Raw  data  checks  result  in  correctiems,  if  smy,  as  opposed  to  flags. 
Raw  data  checks  on  10  percent  of  the  samples  did  not  show  mf  signfficant  eiron;  thus, 
no  further  raw  data  checks  were  carried  out  as  the  is  cost  jw^bitive  and  technicaUy 
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not  necessary  because  of  QA  planning  and  implementation  prior  to  and  during  the 
analyses. 

Data  validation  flags  for  the  specific  SDGs  have  been  summarized  in  tables  for  project 
usage.  The  protocol  flags  have  been  entered  into  the  database  and  provided  in  this 
text.  The  flags  originating  from  the  laboratory  have  not  ueen  presented  in  the  table 
since  the  data  validation  flags  incorporate  data  usage  qualifications.  The  flags 
originating  from  the  laboratory  are  kept  in  the  main  database  and  the  laboratory  hard 
copies.  The  only  laboratory  qualifiers  included  here  are  the  designators  for  below 
detection  limit  values. 

Sample  qualifications  for  contamination  observed  in  taboratory  blanks  have  been  de¬ 
tailed  in  the  individual  report  in  accordance  with  EPA  guidelines.  These  qualifications 
have  been  incorporated  into  the  data  table  in  this  tesL  Qualifications  for  field  blank 
contamination,  if  any,  are  carried  out  on  a  projectwide  basis,  since  the  field  blanks  do 
not  necessarily  correspond  to  only  the  samples  in  the  specific  SDG. 


Data  Assessment  Interpretation 

Validated  data  have  met  and  exceeded  project  quality  assurance  goals  as  described  in 
the  quality  assurance  project  plan.  The  data  completeness  is  found  to  be  over 
95  percent.  With  the  current  state  of  practice  in  ttas  area,  this  database  is  of  high 
quality  and  provides  detailed  QC  information  to  establish  reproducibility  and 
comparability;  therefore,  the  data  are  appropriate  for  quantitative  usage  with  attention 
to  qualifiers  in  data  validation  reports  described  above. 

Accuracy  and  precision  values  as  defined  in  the  quality  assurance  project  plan  have 
been  summarized  and  included  in  project  files  along  with  data  validation  reports  for 
data  users.  This  package  is  available  upon  request  from  CH2M  HILL 
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